Activity and Kinematics of Ultracool Dwarfs Including An 

Amazing Flare Observation 
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ABSTRACT 

We present the activity and kinematics of a representative volume-limited (20 pc) sample 
of 152 late-M and L dwarfs (M7-L8) photometrically selected from the Two Micron All-Sky 
Survey (2MASS). Using new proper motion measurements and spectrophotometric distance 
estimates, we calculate tangential velocities. The sample has a mean tangential velocity of 
(Vtan) — 31.5 km s , a velocity dispersion of crt an = 20.7 km s , and a maximum tan- 
gential velocity of Y tan = 138.8 km s . These kinematic results are in excellent agreement with 
previous studies of ultracool dwarfs in the local solar neighborhood. Ha emission, an indicator of 
chromospheric activity, was detected in 63 of 81 late-M dwarfs and 16 of 69 L dwarfs examined. 
We find a lack of correlation between activity strength, measured by log(Fji a / F oa i), and V ta „, 
though velocity distributions suggest that the active dwarfs in our sample are slightly younger 
than the inactive dwarfs. Consistent with previous studies of activity in ultracool dwarfs, we find 
that the fraction of Ha emitting objects per spectral type peaks at spectral type M7 and declines 
through mid-L dwarfs. Activity strength is similarly correlated with spectral type for spectral 
types later than M7. Eleven dwarfs out of 150 show evidence of variability, ranging from small 
fluctuations to large flare events. We estimate a flare cycle of ~5% for late-M dwarfs and ~2% for 
L dwarfs. Observations of strong, variable activity on the LI dwarf 2MASS J10224821+5825453 
and an amazing flare event on the the M7 dwarf 2MASS J1028404— 143843 are discussed. 

Subject headings: Galaxy: stellar content — solar neighborhood — stars: activity — stars: flare 
— stars: late-type stars: low-mass, brown dwarfs — stars: individual (2MASS J10224821+5825453, 
2MASS J1028404-143843) 

1. Introduction 
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The identification of large numbers of early- 
to-mid M dwarfs has enabled s tudies focused on 
their activity and k inematics ( Reid et al. _ 19951 : 



Hawlev et al. 1996 : Bochanski et all 2005h and 



recent work has extended th ese investigations 



to late-M and early-L dwarfs (jGizis et al. 2000; 



West et al.ll2004 120061 ) but faint magnitudes and 
small numbers have prevented a thorough study 
of the activity and kinematics of L dwarfs. In 
order to fill that gap, we analyze a sample of ul- 
tracool dwarfs (spectral types M7-L8) photomet- 
rically s elected from the the T wo Micron All Sky 
Survey (|Skrutskie et al.ll2006l . 2MASS). The Two 
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Micron Proper Motion sample (2MUPM sample) 
is a combination of a complete sample selected 
from the 2MASS Second Incremental Data Re- 



lease ( Cruz et all 120031 12006. in press! ) and the 
spectroscopically confirmed portion of a sam- 
ple constructed from the All-Sky Data Release 
(|Reid et all 12007. in prepl ). This comprehensive 
survey allows us to investigate the activity and 
kinematics of cooler, fainter dwarfs in a sample 
with well documented properties and uncertain- 
ties. 

We measured proper motions using the images 
provided by the Digitized Sky Survey (hereafter 
DSS), which combines d ata from th e Palo mar Ob- 
servatory Sky Survey dReid et all Il99li P OSS1 
and the UK Schmidt survey (|Morganlll995l ). To- 
gether, DSS images and 2MASS coordinates and 
images have enabled long baseline proper motion 
measurements for all but the 12 faintest objects, 
and the inclusion of new data has allowed us to 
obtain proper motions for all but seven dwarfs. 
We combine our proper motions with spectropho- 
tometric distance estimates to obtain tangential 
velocities for our sample of 152 ultracool dwarfs. 
Kinematics allow us to investigate the age distri- 
bution of our sample; the ages of L dwarfs are 
of particular interest because the spectral class 
encompasses both st ellar and substellar objects 



(jBurrows et al.ll2001[ ) 



Kinematics can also be combined with Ha mea- 
surements to test the validity of an age activity 
relationship for ultracool dwarfs. The power law 
relationship b etween activity and age in main se- 



quen ce stars (jSkumanichl 119721 : iSoderblom et al 
1991 ) breaks down during the M spec tral class 



(jSilvestri et"aH 120051: iGizis et all l2000h . Kine- 
matic studies show that active M dwarfs tend to be 
younger than inactive M dwarfs, but it is unknown 
whether this is due to a sharp cu t-off in actiyity as 



dwar fs age, or a steady decline ([West et al 
20061) . 



2004 



Activity is more closely related to spectral type 
in ultracool dwarfs. For Ml to M7 dwarfs, the 
fraction of active objects increases with later 
spectral type while the strength of Ha emis- 
sion re mains relativel y cons t ant, though with 



scatter (Hawley et al.l Il996 : West et al 
Bochanski et alj|2005l) . For M7 to late-L dwarfs 



2004: 



creases (jGizis et al.l2000HWest et al.l2004[ ). There 
is evidence that this relationship may exte nd into 
the T spectral class (jBurgasser et alJl2002l ) 

The mechanisms producing flare events and 
strong Ha emission in ultracool dwarfs are not 
completely understood. Current estimates of the 
M dwarfs flare flare rate are app roximately 7% 
(jGizis et al.ll2000HReid et al.lll999l ). Only a few L 
dwarfs have been observed with strong Ha emis- 
sion and little is known about their fla re properties 
dLiebert et al.lll999L [20031: lHallll200^ . 

We present proper motions and Ha measure- 
ments of a sample of 152 ultracool dwarfs with 
spectral types from M7-L8. In § [21 we dis- 
cuss the completeness and properties of our sam- 
ple. Details of proper motion measurements and 
the examination of spectral features are con- 
tained in § [3J We discuss the kinematics in 
§ |4] and in § [5] we examine the activity proper- 
ties of the sample and investigate possible age 
relations. Variability is discussed in § El in- 
cluding an strong variability on the LI dwarf 
2MASS J10224821+5825453 and an amazing flare 
on the M7 dwarf 2MASS J1028404- 143843. 

2. The Sample 

To construct the 2MUPM sample of late-M and 
L dwarfs discussed in this paper, we have com- 
bined objects selected from both the 2MASS Sec- 
ond Incremental Data Release and the All-Sky 
Data Release. The d warfs selected out of the sec- 
ond release a re from Cruz et al.l (12003 . hereafter 
Paper V) and Cruz et al.l ( 2006. in press! , hereafter 
Paper IX). The dwarfs selec t ed out of the all-sky 



release are from Reid et al. ( 2007. in prepl . here 



Ha emission becomes increasingly less common 
with later spectral type as the activity strength de- 



after Paper X). Those papers describe how exten- 
sive follow up spectroscopy was obtained for candi- 
date objects from both samples. Spectroscopy has 
been completed for the objects selected from the 
second release, but more observations are needed 
to finish confirmation and spectral typing for the 
objects selected from the all-sky release. 

Though we summarize here, more details on 
sample selection, spectroscopy, spectral types, 
and spectrophotometric distance estimates can 
be found in Papers V, IX, and X. Spectral types 
were assigned by visual comparison of each spec- 
tra to spectral standards. There is an uncertainty 
of ±0.5 spectral subtype for most dwarfs, and 
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whole number types are favored over half types. 
Spectrophotometric distance estimates were de- 
rived from a relation between spectral type and 
absolute J magnitude. 

The subset of the sample selected from the 
2MASS second release is complete for spectral 
types M9-L6 within a distance limit of 20 pc, but 
we include types M7-L8 in the 2MUPM sample. 
The color selection (J—K > 1) excludes the bluest 
M7 and M8 dwarfs, and magnitude limits exclude 
the most distant L7 and L8 dwarfs. Despite this 
incompleteness, there is no evidence that the near 
infrared selection criteria used to create the sam- 
ple is correlated with activity or kinematics. The 
2MASS second release sample comprises only 35 
L dwarfs within 20 parsecs. In order to increase 
the sample size, we have included spectroscopi- 
cally classified dwarfs within 20 pc from the all-sky 
sample, which adds 37 L dwarfs to the 2MUPM 
sample. As described above, we have not yet com- 
pleted observations of the faintest objects from lat- 
ter dataset; however, those omissions should not 
bias the activity or kinematic distributions of the 
sample as a whole. 

The sample selected from the 2MASS second 
release is the basis of the luminosity function of 
ultracool dwarfs. Excepting a small number of 
dwarfs excluded because we could not measure 
proper motions, that portion of the 2MUPM sam- 
ple has the same completeness discussed in Paper 
IX. While observations of the sample selected from 
the 2MASS all-sky release have not been com- 
pleted, it was created with similar selection cri- 
teria. Figure [1] shows the number of objects per 
spectral type included from the second release se- 
lection and the all-sky selection. Excepting M7 
dwarfs, which were purposely excluded from the 
all-sky selected sample, a K-S test indicates no 
difference between the two spectral type distribu- 
tions at the 90% significance level. 

The 2MASS-selected 20 parsec sample is cur- 
rently composed of 170 dwarfs with spectral types 
from M7 to L8. The 2MUPM sample includes 11 
multiple systems without resolved spectroscopy. 
The spectral types of both the primary and the 
secondary in these systems are estimated to be 
between M7 and L8. Because the lack of resolved 
spectroscopy does not allow us to check each ob- 
ject for Ha emission, we consider the system as 
a single object with the spectral type of the pri- 



mary. This excludes 11 low mass companion ob- 
jects from our analysis. Treating binaries as sin- 
gle object also affects the relative strength of Ha 
emission, which is discussed in § [5j LHS 1070 is a 
resolved triple system (M5.5, M8.5, and L0) where 
the primary is excluded by our spectral type crite- 
rion, bu t the M8.5 and LP a re part of the 2MUPM 
sample ( Leinert et al.ll200oh . 

Six objects are excluded from the 2MUPM sam- 
ple because their optical magnitudes were too faint 
to obtain or measure a proper motion; one ob- 
ject was too close to another source to measure an 
accurate position. The proper motion measure- 
ments are discussed further in § 13.11 With the 
exclusion of 7 objects without proper motions and 
11 low mass companion objects without resolved 
spectroscopy, the remaining 152 objects (81 M and 
71 L) comprise the 2MUPM sample analyzed in 
this paper. 

3. Measurements 

3.1. Proper Motions and Tangential Ve- 
locities 



When combined, 2MASS and DSS enable accu- 
rate, long baseline proper motion measurements 
for most 2MUPM systems — DSS images are from 
as early as 1950, while 2MASS coordinates and 
infrared images are from between 1997 and 2002. 
From the 159 2MASS selected M7-L8 dwarfs 
within 20 pc, we measured proper motions for 
81 of 82 M dwarfs and 66 of 77 L dwarfs using 
DSS data as the first epoch and 2MASS coordi- 
nates as the second. The proper motion measure- 
ments adopted in this paper are a balance between 
the longest possible baseline and the best quality 
image. For 20% of the sample, POSS I data (base- 
line of 40-50 years) was used. Ten percent of the 
proper motions were measured using UK Schmidt 
data (16-24 years). The remaining proper mo- 
tions were measured mainly from POSS II data 
with baselines of 2-16 years (20% with baselines 
<5 years). 

While many of these objects were visible in 
multiple epochs of DSS data, eleven late-L dwarfs 
(2 L6, 5 L7, 4 L8) are not visible in any DSS 
band due to their faint optical magnitudes. One 
proper motion is available in exist ing litera- 
ture; we use the measurement from IVrba et al 
(2004) for 2MASS J01075242+0041563 



Data 
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were obtained to measure proper motions of 
four of the remaining faint L dwarfs. The 
proper motions for 2MASSI J1043075+222523 and 
2MASSI J2325453+425148 were measured with 
2MASS data as the first epoch and deep, high res- 
olution Gemini acquisition images from our 2004B 
program (Program ID: GN-2004B-Q-10) as the 
second epoch. For 2MASS J02572581-3105523 
and 2MASSI J0439010-235308, we used data 
from the CPAPIR camera on the CTIO 1.5m to 
provide second epoch astrometry. We exclude 
the remaining 6 L dwarfs (1 L6, 5 L7) from the 
2MUPM sample. We also exclude one M8.5 dwarf 
because it is too close to a background star to 
measure an accurate position. 

For each object, multiple band DSS images 
were obtained from the Canadian Astronomy 
Data Centre or, in four cases, another image 
was acquired of the target and surrounding field. 
Additionally, a list of 2MASS coordinates for 
nearby reference stars was obtained from the 
NASA/IPAC Infrared Science Archive using the 
GATOR interface. Proper motions were then 
measured using a custom IDL code. For each 
object, a transformation matrix between DSS im- 
age x,y coordinates and 2MASS frame RA,dec is 
calculated using the positions of reference stars 
surrounding the proper motion source. The posi- 
tion of the source in DSS image x,y coordinates is 
then translated into 2MASS frame RA,dec using 
the transformation matrix. The proper motion is 
solved for by comparing the translated first epoch 
coordinates with the 2MASS coordinates. Uncer- 
tainties in the proper motion measurements are 
calculated from the residuals between the trans- 
formed coordinates and the 2MASS coordinates 
for the reference stars; they are inversely depen- 
dent on the length of the baseline. 

The tangential component of space velocity 
(Vt Qn ) is the product of proper motion and dis- 
tance. Our distances are calculated from the spec- 
tral type/Mj relation found in Paper V. Proper 
motions, distances, and derived tangential veloc- 
ities are given in Table [T] The Vtan distribution 
has a mean of (Vtan) = 31.3 km s _1 and a dis- 
persion of atan = 20.8 km s _1 . Kinematic results 
are discussed in more detail in § 0J Most objects 
in our sample have Vtan less than 100 km s _1 and 
the two kinematic outliers (Vtan > 100 km s^ 1 ) 
are discussed in 8 14.21 



It was not possible to measure complete UVW 
kinematics for the 2MUPM sample. The spec- 
tra were not obtained with the goal of measuring 
radial velocities; they are from a variety of tele- 
scopes and conditions. Radial velocities require 
more consistent data. Additionally, the spectra 
for fainter dwarfs do not have sufficient signal- 
to-noise to measure radial velocities so the sam- 
ple would be incomplete in later spectral types. 
While the lack of complete space motions does ef- 
fect our analysis of individual objects, it should 
not dr astically effect the k inematics of the popu- 



lation (jSilvestri et al.ll2002h . 



Proper motions were previously published for 
95 of the 152 objects in the 2MUPM sample. We 
compared these measurements with ours to per- 
form a check on our method of measuring proper 



Dahn et al.l l2002t IVrba et al 



dMonet et al. 


1992 


19951 Tinnev 


1996 



2004 



studies ( Gizis et alT 200fj Deacon et al 



or kin emati c 
20051) . 



Additionally, 80 of the 152 objects, proper mo- 
tions we re published in the USNO-B astrometric 



catalog (jMonet et al.l l2003h . Our measurements 



are plotted against previous measurements in Fig- 
ure n 

The USNO-B measurements are not completely 
consistent with ours. Seventy of 80 objects agree 
within 0.1 " yr^ 1 . Of the remaining 10, five agree 
within 0.2 " yr~ x , and five did not agree (within 
<0.2 " yr _1 ; these are not included in Figure [2]). 
The automated methods used to measure proper 
motions for the USNO-B catalog are prone to mis- 
matches; we prefer our proper motions as each 
measurement has been verified by eye. 

Comparison with other works shows good 
agreement; our measurements are within 0.1 " yr -1 
of previous /i tot and 10° of previously mea- 
sured position angle. The one exception is 
SIPS 1936—5502, which we measure at fitot 
11.2!) ± 0.31" y r' 1 , PA=131° (with a three year 
baseline) and iDeacon et al.l ((2005) measure at 
fx tot = 0.84 ± 0.05" yr" 1 , PA=134°. It is pos- 
sible that our measurement is not entirely correct 
due to the short baseline, but we retain the ob- 
ject in our sample as it would be included in the 
absence of a comparison measurement. Generally, 
the proper motions found by parallax studies are 
more accurate, but we use our own measurements 
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for consistency. 

Twenty- o ne o f the 60 objects analyzed by 
Gizis et al.1 (|2000h were re-observed as part of the 
2MUPM sample. The proper motions show agree- 
ment within 0.06 " yr _1 (within our uncertain- 
ties) but the Ytan compar ison is less consis tent. 
The distance estimates in iGizis et al. (l2000h are 
based on J — Kg color while our distances are 
derived from a spectral type/Mj relation. The 
latter method yields improved distances (accurate 
to ~10%) and thus more precise kinematics. For 
example, t h e max imum Ytan of 141 km s _1 in 



Gizis et al.1 (|2000h was reduced to 97.9 km 
due to the revised distance estimate. 

3.2. Spectral Features 

An optical spectrum (6000-10000A) for almost 
every object in the 2MUPM sample was obtained 
in order to assign spectral types (Papers V, IX, 
and X). Most (132) spectra examined for this 
analysis were obtained for the classification of 
the 2MASS selected samples, but some spectra 
from other sources were used. Spectral references 
are given in Table 03 Of the 152 2MUPM ob- 
jects, there were 150 optical spectra available. 
Two dwarfs, 2MASS J01550354+0950003 and 
2MASS J14283132+5923354 were confirmed and 
spectral typed using infrared spectra and we have 
not yet obtained optical spectra. 

The splot routine in IRAF was used to visually 
inspect each spectrum and measure Ha equiva- 
lent width (EW) and line flux. Ha emission was 
detected in 03 of 81 M dwarfs and 15 of 69 L 
dwarfs, and upper limits were placed on Ha non- 
detections by measuring the EW of a represen- 
tative noise spike. Because emission strength for 
mid- to late-L dwarfs can be as small as 1-2A, we 
consider objects with Ha emission distinguishable 
from noise as active rather than establishing a cut- 
off between active and inactive. 

We combined Ha line flux with bolometric 
flux to obtain log(FH a / Fboi)- Bolometric fluxes 
were calculated for each object using 2MASS Ks 
magnitudes and the bolometric correction (BC_r-) 
for K s magnitudes found by iGolimowski et al. 
(|2004l ). BCk is calculated from the polynomial 



not flux calibrated. Ha measurements and upper 
limits are presented in Table [21 and the activity 
properties of the 2MUPM sample are discussed in 
detail in § [5j 

For binary objects unresolved in 2MASS, the 
bolometric flux is calculated from the combined 
magnitude. This presents a problem when mea- 
suring Ha emission from the combined spectra be- 
cause we do not know what fraction of the total 
activity is emitted by which component. If one 
dwarf is active and the other inactive, the ratio of 
measured Ha flux to the combined bolometric flux 
results in a smaller relative emission strength than 
would be calculated for the single active dwarf. 
Because we use the log of a ratio to indicate Ha 
strength, the resulting uncertainty depends on the 
relative contributions of each component to the 
bolometric flux, which in turn depends on 5K$ 
(the difference of the magnitudes). 

If both components have equal emission strengths 
and Ks magnitudes, then the measured log(FH a / Fbol) 
will be correct. For an equal mass binary with one 
active and one inactive component, log{Fn a j Ft> i) 
is 0.30 dex lower than it would be for the single 
active object. The effect will be smaller for an un- 
equal mass binary; for SKs — 2 and activity only 
from the more luminous object, our calculated 
log(FH a /Fboi) is 0.08 dex lower than it would be 
for the single active object. In Figures [6] and 
binaries are plotted as shaded symbols with the 
maximum uncertainties resulting from the com- 
bined magnitudes (+0.30 dex). The LHS1070 
system has resolved spectroscopy and there is no 
uncertainty as to which component is producing 
Ha emission. We used relat ive photometry from 
([2007. in pred ) to determine the 



Ratzka et al 



fit to a spectral type/bolometric magnitude rela- 
tion. For two objects, we were able to obtain Ha 
EW but not line flux because the spectra were 



bolometric flux of the B and C components, and 
measured Ha from resolved spectroscopy (Leinert, 
priv. comm.). 

The wavelength range of our optical spectra en- 
abled examination of the 2MUPM sample for the 
Li I absorption line. According to the "lithium 
test," the detection of the Li I absorption fea- 
ture is a sufficie nt, but not necessary, indicator o f 
substellar mass ( Rebolo et al. 1992 ; Basri 1998). 
We have detected Li I in 3 of the 69 L dwarfs 
in the 2MUPM sample, which is a significantly 
smaller fraction t h an th e one third found in the 
Kirkpatrick et al. ( 19991 ) sample of 25 L dwarfs. 



This disparity is likely due to the lower signal-to- 
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noise ratio of our spectra (obtai ned mostly with 4- 
m tele scopes), compared to the iKirkpatrick et al 



(1999) Keck 10-m spectra, so the small number 
of Li I detections is likely an observational effect 
rather than a physical property. Individual objects 
with Li I detections are discussed in papers V, IX, 
and X but there are not sufficient detections to use 
Li I as an age diagnostic in the 2MUPM sample. 



For the objects that overlap with the lGizis et al 



(2000) sample, comparison of our Ha EW mea- 
surements yields some interesting differences. Of 
21 objects, 15 had comparable (within 3 A) Ha 
EW measurements. Three of the six dwarfs with 
significantly different measurements have been ob- 
served in flare and are discussed in § 16.21 The other 
three objects have differences of 6-15 A. It is likely 
that these differences are evidence of variability 
rather than the result of different signal-to-noisc 
or measuring techniques. Measurements for these 
three objects which show smaller variations are 
listed with those of objects showing stronger vari- 
ability in Table [3] For objects observed in both 
flare and quiescence, the quiescent measurement 
is used for sample statistics. We discuss activ- 
ity properties of the 2MUPM sample in § [5] and 
variable activity in § 16.21 

4. Kinematics 

4.1. Overall Properties 

The photometric selection of the 2MUPM sam- 
ple provides an opportunity to study kinemat- 
ics without bias and derive age estimates from 
a well-defined sample. The 2MUPM sample is 
characterized by a mean tangential velocity of 
(Vtan) = 31.5 km s" 1 and a velocity dispersion 
of <Jtan — 20.7 km s _1 . There are two outliers 
(Vta„ > 100 km s _1 ) excluded from the kinematic 
analysis; these fast moving dwarfs are discussed in 
§ 14.21 The mean velocity and velocity dispersion 
show good agreem ent with the kinematics of the 
Gizis et al. ( 2000h sample. 

To obtain a kinematic age estimate for the 
2MUPM sample, we use atan to estimate the to- 
tal velocity dispersion (crtot) with the equation 
otot — (3/2) 1 / 2 (7t an . Velocity dispersion is con- 



verted to age using the relation found by IWielen 
(|l977h 



where t — 2 x 10 8 yrs and t is mean population 
age in years. With er ta „ = 20.8 km s" 1 (which 
excludes the outliers discussed in § 14. 2\) , this re- 
lation yields an age estimate of 3.1 Gyr for the 
2MUPM sample. This kinematic age is sensitive 
to the spectrophotometric distances used to cal- 
culate Vtan- Allowing for the possibility of a sys- 
tematic 10% over- or underestimation of the dis- 
tances, we calculate that age estimates could vary 
from 2.2-4.2 Gyr. This is in excellent agreement 
wi th the kinematic ag e estimate of 2-4 Gyr found 
bv lDahn et all (12002 ). 

We can use kinematics to further investigate 
the age distribution of M and L dwarfs. Monte 
Ca rlo simulat i ons of the substellar mass function 
by iBurgasser ( 2004 ) produce a modeled age dis- 
tribution with respect to T e ff, shown in his Fig- 
ure 8. Though there is a large spread of ages in 
each spectral type/temperature bin, the general 
trend shows an older mean age for late-M and 
early-L dwarfs and a younger mean age for late-L 
dwarfs. This is because the L spectral class encom- 
passes a combination of stellar and substellar ob- 
jects. Only younger, relatively warm brown dwarfs 
have T e ff that corresponds to L spectral types. 
Stars can have spectral types as late as ~L4 and 
are likely to be older than brown dwarfs with the 
same T e ff ([Burrows et al.ll200lh . One might ex- 



otot = (10km/ s) x [1 + t/r] 1/3 



pect that the combination of both younger brown 
dwarfs and older stars in late-M to early-L types 
would produce a wider velocity distribution while 
late-L types contain exclusively brown dwarfs and 
would have a narrower distribution. 

To compare the expected ages with the kine- 
matic distribution of the 2MUPM sample, we plot 
Vtan as a function of spectral type (Figure [3]). We 
also plot the mean velocity and standard devia- 
tion for each spectral type bin to aid kinematic 
interpretation. Across M7 to L8 spectral types, 
the mean velocities per spectral type are largely 
constant. They are scattered within a range of 
(Vtan) = 15 km s" 1 to (Vtan) = 35 km s" 1 , but 
there is no recognizable trend that hints at the 
expected age distribution. 

Figure [4] shows velocity distribution histograms 
of the M7-L2 and L3-L8 populations. Both dis- 
tributions peak at the bin centered on 25 km s" 1 , 
and the velocity dispersions of the populations are 
nearly equal (M7-L2 with cr ta „ = 20.8 km s _1 and 
L3-L8 with cr ta „ = 21.0 km s _1 ), implying no age 
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difference. It is possible that the 2MUPM sample 
is too small for kinematics to distinguish between 
stars and brown dwarfs, but it is also likely that 
the age effect is not pronounced enough to be ap- 
parent in kinematics. 

4.2. Kinematic Outliers 

The three fastest objects in the 2MUPM sam- 
ple warrant additional discussion. The fastest 
dwarf is 2MASSI J1721039+334415 (hereafter 
2M1721+33), an L3 with a velocity of V tan = 
138.8 ± 15.1 km s^ 1 ; the next fastest is 2MASS 
J02511490-0352459 (hereafter 2M0251-03), an L3 
with a velocity of Vtan = 124.6±13.1 km s^ 1 ; and 
third fastest is 2MASSW J1300425+191235 (here- 
after 2M1300-I-19), an LI dwarf with a velocity of 
V tan = 97.9 ± 7.2 km s" 1 . Both 2M0251-03 
and 2M1721+33 are 4cr faster than the mean and 
are excluded from our kinematic analysis. While 
2M1300+19 also has a high velocity, it is not as 
unusual as the two kinematic outliers and is in- 
cluded in our kinematic analysis. 

In addition to their fast velocities, 2M1300+19 
and 2M1721+33 are also unusually blue for their 
spectral types. Bluer colors suggest low metallic- 
ity a nd old dwa r fs are likely to have high veloci- 
ties. iGizis et all (|2000h discussed 2M1300+19 be- 
cause the combination of its unusually blue color 
and high velocity indicate that it is likely to be 
old. Our calculated Vtan = 97.9 km s _1 is the 
third fastest velocity in the 2MUPM sample. Both 
2M1200+19 and 2M1721+33 are discussed and 
spectra are presented in Papers V and IX because 
the combination of their slightly blue colors and 
faster kinematics suggest thick disk membership. 

The remaining outlier, 2M0251— 03, is also on 
the blue end of the color distribution but does 
not have unusual colors like 2M1300+19 and 
2M 172 1+33. The spectrophotometric distance 
used to calculate its V ta „ is d p hot — 12.1 ± 1.1 pc, 
which is consistent with a preliminary distance of 
d = 12.7 ±1.2 pc found by the CTIOPI paral- 
lax program (Bartlett 2006, priv. comm.). Our 
measured proper motion of /i = 2.17 ± 0.11" yr^ 1 
at PA = 149 ± 2° is consistent with the proper 



motion of fx = 2.19 ± 0.06" yr at PA = 149° 
measured bv lDeacon et al. ( 2005 ). Tangential ve- 
locity is only two of the three components of the 
total velocity, and a slow radial velocity would 
place 2M0251— 03 closer to the mean of the kine- 



matic distribution. While 2M0251— 03 may be an 
unusual object, it is likely that its high velocity is 
simply the tail of the disk kinematic distribution. 

5. Activity 

5.1. Activity and Spectral Type 

Previous work has shown that the presence and 
strength of Ha emission in late-M and L dwarfs 
decreases with lower mass and later spectral type. 
Figure [5] plots the fraction of active objects per 
spectral type for the 2MUPM sample. M7 dwarfs 
have the largest activity fraction, with 21 of 22 
objects (95%) showing Ha emission. The activity 
fraction declines with later spectral type, but it 
does not go to zero. Ha emission is present in 4 
of 50 dwarfs between spectral types L2 and L8. 

We find that the activity fraction of the 
2MUPM sample drops rapidly through L dwarf 
sub-types. Half of L0 dwarfs are active, one-fifth 
to two-fifths of LI dwarfs, and approximately one- 
tenth for spectral types L2 and later. While there 
is no doubt that the activity fraction drops, it 
is possible that the steepness of the drop is due 
to small numbers and observational effects rather 
than the activity properties of L dwarfs. For spec- 
tral types L3 and later, Ha was only detected in 
spectra taken with 8-m or 10-m telescopes. The 
EW of those detections is smaller than the up- 
per limi t of most spectra taken with smaller tele- 
scopes. IGizis et al.l (2000) suggest that a lowered 



continuum surrounding the Ha emission feature 
should make up for the decreased sensitivity, but 
to fully investigate the activity properties of late-L 
dwarfs, higher signal-to-noise spectra are needed. 
While there are only a few Ha detections for types 
L2 to L8, activ ity has been detected in at least 
three T dwarfs ( Burgasser et al. I l2003h . 

The peak activity fra ction at M7 is con sistent 
with previous results. IGizis et al ] (|2000h (Fig- 
ure 6) found that all M7 and M8 dwarfs in their 
sample are active. Their activity fraction declines 
with later spectral type and no Ha emission is 

(2004) 



West et al 



found in types L5 and later. 
(Figure 1) found that 73% of M8 dwarfs in their 
sample show Ha emission and the activity frac- 
tion similarly declines with later spectral type. 
They investigate the possibility that their maxi- 
mum activity fraction is lower (73% rather than 
100%) due to the Galactic distribution of their 
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sample. The IWest et al.l (|2004 ) sample, photo- 
metrically selected from SDSS with distances as 
large as 200 pc, includes a kinematically older por- 
tion of dwarfs due to its larger mean scale height 
above the Galactic disk. The distance limi ts of the 
2MUPM sample and the lGizis et"aH (|2000l) sample 
(20 pc and 25 pc) exclude dwarfs with large scale 
heights and thus include a younger population. 

Though EW is a standard way to characterize 
emission and absorption features, it is not an accu- 
rate measure of activity strength across all ultra- 
cool spectral types. The continuum flux surround- 
ing the Ha feature decreases with later spectral 
type for M and L dwarfs, so the ratio of Ha line 
flux to bolometric flux is used instead of EW to 
compare the strength of H a emission across a wide 
range of spectral types ( Reid et all Il995 ). Our 
method for computing log(Fjj a /Fb i) is discussed 
in §[321 

Early-type M dwarfs, like solar-type stars, are 
generally believed to be powered by rotational 
dynamos, driven via the interface between the 
rotational core and the convective outer enve- 
M dwarfs become fully con- 
■'MS, and activity in 



lope (JParkerl [1955J) . 
vective at spectral type 
later-t ype stars is attribut ed to a turbulent dy- 



namo (jDurnev et alJ ll993). However, the chro- 



mospheric activity distribution gives no indica- 
tion of this transition: the average level of ac- 
tivity for Ml to M5 dwarfs with detected H- 
alpha remains constant at {logjFHal 'Fb ol)) = —3.7 
(|Hawlev et al.lll996t IWest et alj|2004l ). At spec- 



ishes sharply 
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Figure [6] shows activity strength plotted as a 
function of spectral type for the 2MUPM sam- 
ple. Known multiple systems with unresolved 
spectroscopy are plotted at the spectral type of 
the primary with shaded symbols. As discussed 
in § 13.21 multiple systems (with the exception of 
LHS1070) are shown with an upper error bar that 
shows the maximum effect of using a combined 
magnitude to estimate bolometric flux. Taking 
this correction into account, the strength of emis- 
sion from multiple systems appears to be the same 
as for single objects. The active B component of 
resolved binary LHS1070 is an M7.5 dwarf with a 
log{FHu/ Fboi) — —4.67, which does not fall above 



the mean for its spectral type. The binary sys- 
tems in the 2MUPM sample have estimated sepa- 
rations too large (1-10 AU) and estimated masses 
too small (< O.IMq) for any known binary inter- 
action mechanism to enhance chromospheric ac - 
tivity (|Cuntz et all l200Ct iBureasser et all 120061 ). 
For the 2MUPM sample, binarity and activity are 
uncorrelated. 

Activity strength shows a strong downward 
trend spanning spectral types M7-L5, which is 
consistent with previous results. This suggests a 
correlation between effective temperature and ac- 
tivity strength for this spectral type range. As 
discussed above, this downward trend begins at 
spectral type ~M6, which is possible correlated 
with a break down of the rotation/activity rela- 
tion f or earlier-type dwa rfs ( BasrillioOl ; Reid et al 



120021 ). iMohantv etall <|2002h find that the de- 
crease is likely due to the high electrical resistiv- 
ities in the cool, mostly neutral atmospheres of 
these ultracool objects, but the topic is still open 
to investigation. 

5.2. Activity and Age 

Solar-type main sequence stars exhibit a di- 
rect correlation between age and activity; this is 
generally attributed to rotational spin-down, and 
a consequent reduction in the energy output of 
the rotational dynamo. As noted in the pre- 
vious section, mid- and late-type M dwarfs are 
fully convective, and are therefore not expected 
to show the same dependence between activity 
and rotation. Indeed, there is observational ev- 
idence that these late-type dw arfs exhibit differ- 
ent age- activity relat ionships (| Gizis et al. I200CI: 



Bochanski et all 120051 ). For the 2MUPM sample, 
we find that there is a large scatter in the plot of 
Ha emission strength {log{FH a / Fbol)) as a func- 
tion of Vtan (Figure [7|). Velocity is not a pre- 
cise age indicator, but a loose correlation would 
be expected if ultracool dwarfs followed a solar- 
type activity-age relation. 

Previous work has shown that active M dwarfs, 
as a population, have younger kinematics than in- 
active M dwarfs ( Reid et al. 1995; B ochanski et al 



2005). To further investigate that activity/age re- 
lationship for late-M and L dwarfs, we plot ve- 
locity distributions of the 2MUPM sample with 
and without Ha emission (Figure [8|) . The active 
dwarfs have a smaller velocity dispersion (atari = 



S 



19.0 km s _1 ) and a slightly slower peak ((Vtan) — 
29.9 km s -1 ) than the inactive dwarfs (oton = 
22.8 km s _1 , (Vtan) — 33.3 km s _1 ) which im- 
plies that the active dwarfs are younger than the 
inactive dwarfs. The velocity dispersions produce 
age estimates of ^2 Gyr and ^4 Gyr respectively. 
There is not a sufficient number of dwarfs, how- 
ever, to conclude that the two populations have 
significantly different ages. 

IWest et al. I (120061) show that observations of 
SDSS M7 dwarfs are consistent with a constant 
level of activity followed by a rapid decrease in 
emission at an age of 6-7 Gyr. Further investiga- 
tion indicates that this activity lifetime is longer 
with later spectral type (West et al., in prep). If 
this describes activity in the 2MUPM sample, then 
our population is too young (2-4 Gyr) to show the 
effect of age on activity. 

To examine the kinematics in more detail, we 
plot the tangential velocity distributions of four 
different portions of the 2MUPM sample (Fig- 
ure [9]). These histograms divide spectral types 
M7-L2 (likely stellar) from L3-L8 (likely substel- 
lar) and Ha emitters from non-emitters. The ac- 
tive M7-L2 population shows both a smaller Otan 
and a slower peak Vtan than both of the inactive 
distributions. However, a K-S test between the 
distributions indicates that there is n o significant 



differe nce between the populations. iGizis et al 
( 2000h suggested, based on Li I detections, that 
active L dwarfs were drawn from an older, more 
massive population but the kinematics of the ac- 
tive L3-L8 dwarfs in our sample do not confirm 
this result. The active and inactive L dwarfs in the 
2MUPM sample are kinematically indistinguish- 
able, which is not surprising considering the small 
numbers of active L dwarfs. A larger sample would 
likely provide more insight into the age distribu- 
tion of active L dwarfs. 

6. Variable Activity 

6.1. Variability in the 2MUPM Sample 

Out of the 150 objects in the 2MUPM sample 
with optical spectra, there are 11 dwarfs that ex- 
hibit evidence of variability. Four of these have 
two observations with only 5-15 A differences be- 
tween the Ha EW measurements. While their Ha 
fluxes are not strong enough to classify them as 
flares, it is possible that this smaller scale vari- 



ability is evidence that they are flaring objects not 
yet caught in peak flux. Both LHS 2065 and LP 
412-31 have small scale variability as well as ob- 
served flare events. It is also possible that many 
more ultracool dwarfs have small scale variability 
but the effect has not yet been observed. 

Seven dwarfs (5 M and 2 L) in the 2MUPM 
sample have been observed during flare events. 
Five (4 M and 1 L) were observed in flare as part of 
our observations of the 2MASS selected sample. If 
we assume that all objects in the 2MUPM sample 
are equally likely to flare, the number of objects 
observed in flare allows us to estimate that each 
dwarf spends 5/151 or ^3% of their time in flare. 
If we divide the sample by spectral type, the late- 
M dwarf s in our sample ha ve a flare rate of 4/81 
(~5%). iReid et all (|1999h found a flare rate of 
7% through monitorin g of BPJ 0021, a M9.5 flare, 
and lGizis et al. ( 2000l ) similarly found a flare duty 
cycle of 7% for M7-M9.5 dwarfs. 

Using the same logic for L dwarfs, we find a 
flare rate of 1/69 (~1%). This should be treated 
only as a lower limit due to the difficulty of ob- 
serving weak Ha in these faint objects. Many 
L dwarfs, especially spectral types L3 and later, 
only have one existing optical spectrum and not all 
those spectra have high enough signal-to-noise to 
observe Ha at the expected strength for their spec- 
tral types (apprx. 1-2 A). For L dwarfs with ob- 
served activity and one epoch of data, we have as- 
sumed emission is quiescent rather than the prod- 
uct of a flare event. There is also a possibility 
that early-L dwarfs are more likely to flare than 
late-L dwarfs, just as they are more likely to have 
quiescent emission. More observations, including 
higher signal-to-noise optical spectra and monitor- 
ing for variability, are needed to understand the 
activity properties of L dwarfs. 

6.2. Variable Objects of Interest 

2MASS J01443536-0716142 (hereafter 2M0144- 
is an L5 that was obs e rved during a flare 
event by iLiebert et all (|2003h on 2001 Feb 
20 with a maximum Ha EW of 23 A and 
on 2002 Jan 2 4 with no Ha emiss ion (up- 
per limit 3 A) . ILiebert et al. I (|2003h provide 
measurements of the Ha as it declined from 
24 A to 6 A over the course of 15 minutes. 
The spectrum of 2M0144-07 in flare shows 
no other emission lines, but if they are pro- 



07) 



9 



portionally weaker than the Ha emission, 
they could be hidden under the noise. 

LP 412-31 is a strongly flaring M8. We ob- 
served LP 412-31 on 2000 Oct 20 with an 
Ha EW of 24 A. On 2002 Jan 23 we ob- 
served it during a flare event with an Ha 
EW of 330 A and various other emission 
lines. These two spectra are plotted in Fig- 
ure [lOl Table [3] shows Ha EW for a selection 
of other observations of LP 412—31, rang- 
ing from 1 8 A to 83 A (jReid et all 12002: 



that 2M1108+68 is variable but not per i- 



odic dGelino et al.ll2002HClarke et ai]l2002[ ). 



Basri 2001). The peak observed Ha emis- 



sion of 330 A is more than a factor of 10 
stronger than the weakest quiescent value. 
The recorded 83 A emission could be part 
of a different flare event or it could be ev- 
idence of small-scale variability in addition 
to larger flare events. These variations have 
not been checked for periodicity. 

LHS 20 65 is an M9 that was observed in flare 
bv lMartm k. Ardilal ( 200ll ) (spectrum shown 
in their Figure 1) with a peak emission of 
261 A on 1998 Dec 12. LHS 2065 exhibits 
small scale variability (between 7 A and 
25 A), both according t o the other Ha 
measu rements presented in lMartm fc Ardila 
(2001) and our own measurements, listed in 
Table [3] This variability accompanied by 
a larger flare event is similar to the emis- 
sion from the M8 dwarf LP 412-31, but the 
flare spectra for LHS 2065 is different be- 
cause it shows Ha with few other emission 
lines. Redward of Ha, the only additional 
emission is from the He I line, and it is only 
discernible in the epoch with the strongest 
Ha emission. 



LHS 2243 iGizis et al.l (|2000l ) observed this M8 
dwarf in flare with an Ha EW of 44 A com- 
pared to a previous observation of 1.3 A by 



Martin et alj (jl994T ). We observed LHS 2243 



on 11 June 2003 with an Ha EW of 7 A. 

2MASSI J1108307+683017 (hereafter 2M1 108+68) 
is an L0.5 dwarf that we observed on 2004 
Mar 3 with no Ha emis sion (upper limit 1 A) 
but IGizis et all (|2000l ) observed it in 1999 
Jun with an Ha EW of 8 A. Photometric 
variability studies in the / band have found 



iGelino et a l. (2002) suggest that the vari- 
ability it is due to variations in the clouds 
at the surface of the dwarf and not activity. 
It is possible that the variable Ha emission 
and the / band variations are both due to 
chromospheric activity, but more observa- 
tions are needed to compare the photometric 
variations with the Ha variability. 

LHS 2397a is a spectroscopically unresolved bi- 
nary system with an M8 dwarf primary an d 
an L7.5 dwarf secondary (jFreed et al.ll2003h . 
We observed LHS 2397 on 2002 Jan 23 with 
an Ha EW of 78 A, which is s i gnific antly 
stronger than the iMartm et alj Jl999) ob- 
servation of 1 2 A in 1998 Dec. Previously, 
Besselll ( 1991 ) observed strong variability in 
Ha emission between two spectra taken 10 
minutes apart in 1982. 

2MASSW J1707183+643933 (hereafter 2M1707+64) 
is an M9 dwarf that we observ ed on 2003 
Jul 7 with an Ha EW of 28.7 A. IGizis et all 
also observed it in 1999 Jun with an 
EW of 9.8 A. iRockenfeller" et al.l (|2006aT ) ex- 
amine the photometric variabilit y of 2M1707+64 
and find a period of ~3.6 hr, and lRockenfeller et al 



6.3. 



(2006b) discuss photometric observations of 
this object during a particularly bright flare. 

Strong Ha Emission from the LI 
dwarf 2MASS J10224821+5825453 



We observed the LI dwarf 2MASS J10224821+5825453 
(hereafter 2M1022+58) on 2004 Feb 10 with an 
Ha EW of 128 A. The next two nights, 2004 Feb 
11 and 12, the Ha emission was at 24 and 26 A, 
respectively. Figure QT] shows data from the three 
successive nights. The Ha strength is enhanced by 
approximately an order of magnitude during the 
peak observed emission, but there are no other 
emission lines present. A lower signal-to-noise 
spectrum obtained on 2003 March 13 shows no 
Ha emission with an upper limit of ^30 A. With- 
out more observations, it is difficult to classify 
2M1022+58 as a flaring dwarf or as a consistently 
strong, variable emitter. 

On the plot of spectral type vs. activity 
strength (Figure 2M1022+58 is an outlier 
with remarkably strong quiescent emission of 
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log(F Ha /F bo i) = -3.5 (peak emission log(F Ha / F bo i) 
—2.7). It is possible that the log{FHa/ Fboi) = 
—3.5 emission is not the quiescent level but is due 
to small-scale variability or another large varia- 
tion. This relatively strong quiescent emission is 
evidence that 2M1022+58 is not a flaring dwarf 
but is in a permanent state of strong chromo- 
spheric activity. 

There are three examples of consistently strong 
Ha emission in the ultracool regime. The M9.5 
star PC 0025+0447 (hereafter PC 0025) has 
been monitored for several years and shows 
contin ually strong activity at loqlFunl 'F bn i) < 



1991; Martin et al 



1999). 



—3.4 ([Schneider et al. 
The limited observations of 2M1022+58 sug- 
gest similarities between the two objects, as 
Ha emission in P C 002 5 also varies by an or- 
der of magnitude. lHall (2002) suggest that the 
L3 dwarf 2MASSI J1315309-264951 (hereafter 
2M1315— 26) shows similar strong, variable ac- 
tivity. It has been observed twice with an Ha EW 
of ~120 A {log{F Ha /F bol ) = -4), and two other 
epochs of spectroscopy show Ha EWs of 97 A and 
25 A. The third strong, variable dwarf is 2MASS 
J12373919+6526148 (her eafter 2M1237+65), a . 
T6.5 dwarf monitored by iBurgasser et al. (2002) 
which consistently shows unusually strong emis- 
sion at log(F Ha /F bo i) = -4.3. 

Aside from 2M1315-26 and 2M1022+58, there 
is only one other L dwa rf that has be e n obse rved 
with variable activity. Liebert et al. (2003) ob- 
served the L5 dwarf 2MASS J01443536-0716142 
(hereafter 2M0144— 07) during a flare event with 
maximum Ha emission at log(Fual Fboi) = —4.6. 
A later observation shows no Ha emission. One 
unexpected similarity between these three vari- 
able L dwarfs is the absence of other emission lines 
that usually accompany variable Ha emission. For 
2M0144-07 and 2M1315-26, it is possible that 
other emission lines are present but simply below 
the noise. Emission lines in 2M1022+58, however, 
would be visible against the smooth continuum of 
the relatively high signal-to-noise spectra. 

The Ha emission in 2M1022+58 increases by a 
factor of 10 in our observations. When PC 0025 
undergoes a similar increase, it is always accom- 
panied by the appearance of some other emission 
lines, most notably He I. As an LI with peak 
Ha emission at least as strong as the emission of 
PC 0025, it is unknown why 2M1022+58 shows no 



other emission lines. 

The mechanism responsible for Ha emission 
in 2M1022+58 warra nts f urther invest i gation . 
Burgasser etall (|2002l) and iMartm et all jl999h 
investigated the possibility of a tight, low mass 
companion object causing the variable, strong Ha 
emission from 2M1237+65 and PC 0025 respec- 
tively. Neither investigation produced significant 
evidence of a companion object. 

Liebert et al. (2003) hypothesized that Ha 
emission from 2M0144— 07 could be the result 
of an active dynamo in a relatively young, low 
mass object. Despite a fast tangential velocity of 
Vtan = 81.9 km s _1 , this LI dwarf has optical 
spectral features that indicate youth (details are 
in Paper X). While the high V ta „ suggests older 
age, it is based on only two of three velocity com- 
ponents. Kinematics are a good statistical age 
indicator but less accurate with single objects. 
For example, CM Draconis is a near-solar metal- 
licity dwarf with a space velocity of 1 60 km s~l 



(|Leggett et all Il998t IViti et all l2002h . Further 



high signal-to-noise spectra should be obtained of 
this object, to characterize its variability, obtain a 
radial velocity, and determine whether significant 
lithium absorption is present. 

6.4. An Amazing Flare Event on 2MASS 
J1028404 143843 

During spectroscopic observations of the 2MASS 
selected sample, the M7 dwarf 2MASS J1028404-143843 
(hereafter 2M1028— 14) was observed during an 
amazing flare event; the flare spectrum and a 
comparison quiescent spectrum are plotted in Fig- 
ure [H On 2002 Jan 25 2M1028-14 was in flare 
with many emission lines, including Ha with an 
EW of 97 A, which is below 100 A only because 
of the strongly enhanced flaring continuum. The 
EW and line fluxes for the flare observation are 
given in Table H Observations of 2M1028-14 in 
quiescence were taken on 2003 Mar 19 with an Ha 
EW of 23 A and on 2003 Mar 21 with an EW of 
12 A. 

The 2M1028-14 flare event elevates the con- 
tinuum well into the red optical spectra presented 
(6000 A to ~10000 A), to such an extent that 
the slope becomes blue. This effect is also found 
in the flare of 2MASSI J0149089+295613 (here- 
after 2M0149+29), an M9.5 star described in 



11 



Liebert et al. <|l999h . Observed over a similar 
wavelength region, the latter object also had an el- 
evated continuum which extended from 6000 A to 
-7600 A. Lon gward of 7600 A, however, the pho- 
tospheric molecular absorption of 2M0149+29 ap- 
peared relatively similar in strength to that in 
quiescence. The elevated continuum extends far- 
ther for 2M1028-14, where all but the strong 
9400 A H2O band appear completely masked. 

The emission spectra of both flaring objects 
contain lines varying in excitation from Ba II and 
He I to the neutral alkalis Na I and K I, which 
are typically in absorption but have been thrown 
into emission. Table |4] lists all the emission lines 
found in the flare spectrum. When scaled propor- 
tional to the Ha feature, the emission spectrum of 
2M1028-14 is weaker than that of 2M1049+29, 
except for the Ca II triplet. 

It is difficult to compare the strength of the 
2M1028-14 flare with the most active M dwarfs 
since the emphasis of previous studies has been 
on the ultraviolet and blue spectra plus Ha. In 
these flare events, the erupting plasma reaches 
temperatures of order 10 4 K and forms a ther- 
mal bremsst rahlung continuum peaking in t he far - 



ultraviolet (jGiampapal 11983c lEason et al. 1992). 



Coordinated studies in the far-ultraviolet used the 
International Ultraviolet Explorer satellite with 
ground-based telescopes to measure this contin- 
uum component in the far-ultraviolet for flares in 



YZ CMi, Proxima Cen, and AD Leo (jFoing et al 
1986). One of the most im pressive of these co- 



ordina ted studies was that of lHawlev fc Pettersenl 
(|l99lh on "great flare of 1985 April 12 on AD Leo- 
nis." These studies, however, provide no red opti- 
cal spectra for direct comparison to 2M1028— 14. 

Liebert et al. ( 1999h argued that, if the ultra- 



violet flux scaled with Ha in the same manner as 
it does in the M flare stars studied from space, 
2M0149+29 emitted a flare luminosity that ex- 
ceeded the normal bolometric photospheric lumi- 
nosity at the flare's peak. The same argument 
would apply to 2M1028— 14, but the greater rela- 
tive strength of the red continuum flux suggests 
that the flare's peak luminosity could have ex- 
ceeded that of the quiet photosphere even more 
than in the 2M0149+29 flare event. 

We do not know whether the strongest M flare 
stars have red continua that turn blue like the 
2M1028— 14 event because we are not aware of an 



observation where a flare continuum was studied 
at these wavelengths. More observations of these 
known flare stars in the optical would provide di- 
rect comparison, as would ultraviolet observations 
of 2M1028-14 in flare. 

7. Summary 

We have presented proper motions, tangential 
velocities, Ha measurements, and flare observa- 
tions for a nearly complete, volume limited sam- 
ple of 152 late-M and L dwarfs. We summarize 
our results: 

• The 2MUPM sample has a mean tangen- 
tial velocity of (Vf arl ) = 31.5 km a , and 
a tangential velocity dispersion of Otan = 
20.7 km s" 1 . With the exception of two out- 
liers, the distribution of tangential velocities 
is consistent with thin disk kinematics. 

• Velocity distributions of the 2MUPM sam- 
ple are not sufficiently sensitive to show the 
expected age distribution of stars and brown 
dwarfs. Examination of the Li I absorption 
feature is needed to further investigate the 
age distributions of stellar and sub-stellar 
populations. 

• We find that there is no direct correlation be- 
tween activity and age in the 2MUPM sam- 
ple. Velocity distributions show that the 
active population is marginally older than 
the inactive population, but more data are 
needed to draw kinematic conclusions. 

• In the 2MUPM sample, activity strength de- 
clines with later spectral type for types M7 
and later; the correlation extends through 
L5 dwarfs. 

• In agreement with previous results, we find 
the activity fraction to peak at spectral type 
M7 and decline through mid-L dwarfs for 
the 2MUPM sample. For spectral types L3 
and later, the activity fraction is unclear due 
to the difficulty of obtaining high signal-to- 
noise spectra of these faint objects. More 
observations of L dwarfs are needed to un- 
derstand the activity properties of these low 
mass objects. 
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• The late-M dwarfs in our sample have an 
estimated flare rate of ^5% which is consis- 
tent with previous results. We put a lower 
limit of ^2% on the flare rate of L dwarfs, 
but more data is needed to obtain a more 
accurate estimate and investigate the occur- 
rence of flares across all L dwarf subtypes. It 
is possible, for example, that early-L dwarfs 
flare more often that late-L dwarfs. 

• The LI dwarf 2M1022+58 shows unexpect- 
edly strong Ha emission both in flare and 
quiescence. The absence of other emission 
lines in the flare spectrum remains unclear. 

• The M7 dwarf 2M1028-14 shows an amaz- 
ing flare spectrum with many emission lines. 
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Fig. 3. — Spectral type vs. Vtan- Half-integer 
spectral types are rounded down. Vtan f° r the out- 
liers ( open circles ) is distinguished from the data 
(filled circles) that is used to calculate the mean 
and dispersion. The mean Vtan (squares) and its 
associated one sigma deviation (shaded bars) are 
shown for each spectral type bin. 



Fig. 2. — Proper motions from this paper vs. 
previously published measurements. The dot- 
ted line represents perfect agreement between 
the measurements. Data is plotted from the 
USNO-B catalog (bla ck circles j.lGizis et all (|2000l 
dark grey ci rcles), iDeacon et al.l ( 20051 light 
grey circles), Dahn et al. ( 20021 bla ck squares), 
Tinnev. Reid. Gizis. fe Mould! ( 1995 . dark grey 
squares), iTinnev (119961. l ight grey squares) 
Thorstensen fc Kirkpatrickl (|2003l . black trian- 



gles), Monet et al.l (|1992| . dark grey triangles), and 



Jao et al.l (|2005l . light grey triangles) 
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Fig. 4.— Distribution of V tcm for M7-L2 (left) 
and L3-L8 (right) dwarfs. The center of each 
10 km s~ x wide bin is labeled. We find the disper- 
sion (<t) to be 20.8 km s _1 for the M7-L2 portion 
of the sample, and 20.8 km s _1 for the L3-L8 por- 
tion. The histograms and the dispersions exclude 
the two outliers discussed in 5 14.21 which arc both 



L3 dwarfs with Vtan > 100 km s 
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Fig. 5. — Fraction of objects with Ha detection as 
a function of spectral type. The number above or 
below each data point is the total number of ob- 
jects in each spectral type bin. The uncertainties 
are based on a binomial distribution. Upper limits 
arc shown as down arrows for spectral type bins 
with no Ha emitting objects. 
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Fig. 6. — Log of the ratio of Ha flux to bolomet- 
ric flux as a function of spectral type for objects 
with Ha detections. Multiple systems (shaded cir- 
cles) are distinguished from single objects (filled 
circles). Multiple objects with unresolved spec- 
troscopy are plotted with uncertainties that reflect 
the maximum uncertainty rising from the possi- 
bility that only one of the pair is active. Vari- 
able objects (diamonds) are labeled just above the 
strongest observed Ha flux. They are plotted off- 
set slightly from their spectral type with flare and 
quiescent emission connected by a dashed line. We 
include LHS 2065 though we did not observe it in 
peak flux. We only observed LHS 2397a during a 
flare event, so there is no quiescent data point. 
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Fig. 7. — Relative Ha flux vs. Vtan for active late- 
M dwarfs (circles) and L dwarfs (triangles) in the 
2MUPM sample. Multiple systems (shaded) are 
distinguished from single objects (black). Multiple 
objects with unresolved spectroscopy are plotted 
with uncertainties that reflect the maximum un- 
certainty rising from the possibility that only one 
of the pair is active. Data for LHS 2397a is not 
plotted because our spectrum was taken while it 
was in flare. 



Fig. 9.— Distribution of V tQ „ for M7-L2 dwarfs 
with Ha emission (top left), M7-L2 dwarfs with- 
out Ha emission (bottom left), L3-L8 dwarfs with 
Ha emission (top right) and L3-L8 dwarfs with- 
out Ha emission (bottom right). The center of 
each 10 km s _1 wide bin is labeled and the a of 
each distribution is given on each histogram. The 
histograms and the dispersions exclude the two 
outliers discussed in § 14.21 which are both inactive 
L3 dwarfs with V ta „ > 100 km s . 
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Fig. 8. — Distribution of Vtan for dwarfs with 
(left) and without (right) Ha emission. We find 
a dispersion (er) of 19.0 km s _1 for active dwarfs 
and 22.8 km s _1 for inactive dwarfs. A K-S test 
indicates no significant difference between the two 
populations. The histograms and the dispersions 
exclude the two outliers discussed in § 14.21 which 
are both inactive dwarfs with Vtan > 100 km s . 
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Fig. 10.— LP412-31, an M8 shown above in flare 
and below in quiescence. The dashed line marks 
the constant added to the flare spectrum. Various 
emission lines are labeled. 
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Fig. 11— 2M1022+58, an LI on three succes- 
sive nights observed with large Ha flare of EW 
128 A on 10 Feb 2004 and EW of 24 A and 26 A on 
the next two nights. The dashed lines mark the 
constants added to the offset spectra. 
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Fig. 12.— Spectacularly flaring 2M1028-14, an 
M7, shown above in flare and below in relative 
quiescence. The dashed line marks the constant 
added to the flare spectrum. Various emission 
lines arc labeled. 
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Table 1 

Kinematics of the 2MUPM Sample 





UCD # 


Other N&mc 


ST 


a yp^) 


Mtot ( 




PA (°\ 


v tan ^KIIl & j 
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L0 
















0027559+221932 a 
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LP 349- 25 
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65+ 23 


15.2+ 7.5 


6 




01092170+2949255 


20055 




M9.5 
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13056 
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M8 
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2.17+ 


0.11 


149+ 2 


124.6+ 13.1 


2 




0255035-470050 


10158 


DENIS-P J0255-4700 


L8 


4.90+ 0.70 


1.23+ 


0.11 


120+ 5 


28.6+ 4.8 


13 




02572581-3105523 


20139 




L8 


9.60+ 0.60 


0.71+ 


0.16 


58+ 13 


32.5+ 7.5 


14 




03140344+1603056 


20156 




L0 


14.43+ 0.89 


0.25+ 


0.07 


254+ 13 


16.8+ 4.9 


6 




0320596+185423 


10179 


LP 412- 31 


M8 


14.54+ 0.12 


0.44+ 


0.05 


125+ 6 


30.2+ 3.7 


15 


3,4 


03283463+1129515 


20161 


LSR J0328+1129 


M8 


18.26+ 1.50 


0.56+ 


0.05 


64+ 3 


48.9+ 6.0 


6 




0331302-304238 


10186 


LP 888- 18 


M7.5 


12.10+ 1.20 


0.40+ 


0.06 


182+ 29 


22.9+ 3.9 


2 




0339352-352544 


10201 


LP 944-20/BRI 0337-353 


M9 


4.97+ 0.10 


0.42+ 


0.08 


49+ 10 


10.0+ 2.0 


12 


5 


0351000-005244 


10213 


LHS 1604 


M7.5 


14.68+ 0.39 


0.45+ 


0.06 


177+ 4 


31.3+ 4.2 


2 


1 


03552337+1133437 


20171 




L6 


10.13+ 2.14 


0.70+ 


0.05 


159+ 3 


33.7+ 7.5 


6 




0417374-080000 


10261 




M7.5 


17.40+ 1.70 


0.49+ 


0.09 


96+ 11 


40.5+ 8.4 


2 




0423485-041403 a 


10276 


SDSS J042348.57-041403.5 


L7: 


15.17+ 0.39 


0.34+ 


0.05 


283+ 10 


24.5+ 3.5 


10 


7 


0429184-312356* 


10287 




M7.5: 


11.40+ 2.20 


0.12+ 


0.06 


46+ 24 


6.4+ 3.4 


2 




0435161-160657 


10302 


LP 775- 31 


M7 


8.60+ 1.01 


0.36+ 


0.03 


25+ 5 


14.6+ 2.1 


2 




0439010-235308 


10312 




L6.5 


10.80+ 1.50 


0.20+ 


0.17 


220+ 37 


10.4+ 8.7 


2 




0440232-053008 


10316 


LP 655- 48 


M7 


9.80+ 1.10 


0.38+ 


0.08 


66+ 15 


17.9+ 4.1 


2 




0443376+000205 


10320 


SDSS 0443+0002 


M9: 


16.20+ 2.10 


0.16+ 


0.08 


146+ 25 


12.2+ 6.2 


16 




0445538-304820 


10329 




L2 


16.60+ 1.30 


0.38+ 


0.11 


161+ 23 


30.1+ 9.3 


2 




05002100+0330501 


20197 




L4 


13.03+ 1.35 


0.36+ 


0.05 


182+ 9 


22.4+ 3.6 


6 
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0517376-334902 


10380 


DENIS J051737.7-334903 


M8 


14.70+ 1.20 


0.60+ 


0.06 


127+ 5 


41.6+ 5.4 


2 




0523382-140302 


10390 




L2.5 


13.40+ 1.10 


0.08+ 


0.16 


21+ 105 


5.1+ 10.4 


2 




0544115-243301 


10444 




M8 


18.70+ 1.60 


0.71 + 


0.03 


168+ 2 


63.0+ 6.2 


10 




06244595-4521548 


20244 




L5 


15.31+ 3.33 


0.28+ 


0.19 


19+ 53 


20.3+ 14.9 


6 




0652307+471034 


10601 




L4.5 


11.10+ 1.20 


0.14+ 


0.05 


336+ 13 


7.1+ 2.7 


2 




0700366+315726" 


10617 




L3.5: 


12.20+ 0.30 


0.52+ 


0.10 


168+ 13 


29.7+ 5.5 


17 


7 


07075327-4900503 


20258 


ESO 207-61 


M8 


19.48+ 0.85 


0.38+ 


0.08 


358+ 10 


35.0+ 7.4 


18 


5,8 


07140394+3702459 


20263 




M8 


14.59+ 1.20 


0.20+ 


0.03 


211+ 7 


14.2+ 2.4 


6 




0741068+173845 


10666 


LHS 1937 


M7 


17.90+ 2.10 


0.53+ 


0.05 


200+ 7 


44.8+ 6.9 


19 




0746425+200032° 


10668 




L0.5: 


12.21+ 0.04 


0.37+ 


0.01 


264+ 4 


21.3+ 0.8 


1 


4 


0752239+161215 


10673 


LP 423- 31 


M7 


10.50+ 1.20 


0.40+ 


0.05 


153+ 5 


20.2+ 3.5 


2 




08040580+6153336 


20290 




M9 


17.99+ 1.17 


0.64+ 


0.04 


184+ 2 


54.5+ 4.7 


6 




08072607+3213101 


20292 




M8 


15.94+ 1.31 


0.49+ 


0.08 


233+ 9 


37.3+ 6.5 


6 




0818580+233352 


10710 




M7 


19.10+ 2.20 


0.41 + 


0.16 


229+ 19 


37.4+ 15.0 


5 




0825196+211552 


10721 




L7.5 


10.66+ 0.11 


0.75+ 


0.13 


251+ 13 


38.2+ 6.8 


1 


4 


08300825+4828482 


20301 


SDSS J083008. 12+482847.4 


L8 


13.10+ 0.61 


1.14+ 


0.08 


232+ 3 


70.9+ 6.1 


14 




08303256+0947153 


20302 


LHS 2021 


M8 


14.03+ 1.15 


0.67+ 


0.07 


226+ 5 


44.9+ 5.8 


20 




0835425-081923 


10742 




L5 


8.30+ 0.90 


0.61 + 


0.03 


299+ 3 


24.0+ 2.9 


2 




0847287-153237 


10764 




L2 


17.50+ 1.40 


0.27+ 


0.05 


146+ 10 


22.8+ 4.4 


2 




0853362-032932 


10776 


LHS 2065 


M9 


8.63+ 0.09 


0.54+ 


0.09 


248+ 9 


22.2+ 3.6 


21 


3,9 


0908380+503208 


10802 




L7 


10.50+ 1.50 


0.52+ 


0.25 


202+ 21 


26.0+ 12.9 


2 




09111297+7401081 


20333 




LO 


17.30+ 1.07 


0.26+ 


0.04 


230+ 8 


21.5+ 3.9 


6 




09153413+0422045 a 


20335 




L7 


14.20+ 2.50 


0.14+ 


0.15 


284+ 84 


9.2+ 10.3 


6 




09211410-2104446 


20336 


SIPS 0921-2104 


L2 


12.40+ 1.01 


0.98+ 


0.15 


163+ 10 


57.8+ 10.2 


6 




09492223+0806450 


20352 


LHS 2195 


M8.5 


15.74+ 1.13 


0.90 + 


0.02 


176+ 2 


67.3+ 5.1 


19 




1006319-165326 


10877 


LP 789-23 


M7.5 


16.40+ 1.60 


0.33+ 


0.10 


304+ 12 


25.8+ 8.1 


2 




1016347+275149 


10892 


LHS 2243 


M8 


14.40+ 1.20 


0.46+ 


0.11 


200+ 10 


31.5+ 8.0 


15 




10224821+5825453 


20373 




LI 


19.94+ 1.34 


0.86 + 


0.08 


205+ 7 


81.9+ 9.4 


6 




1024099+181553 


10906 




M8 


16.50+ 1.40 


0.17+ 


0.09 


241+ 31 


13.6+ 7.5 


5 




1043075+222523 


10926 




L8: 


17.20+ 4.01 


0.14+ 


0.00 


262+ 


11.8+ 2.8 


10 




1045240-014957 


10929 


SDSS J104524. 00-014957. 6 


LI 


16.80+ 1.10 


0.46+ 


0.12 


266+ 8 


36.6+ 10.1 


16 




10481463-3956062 


20385 


DENIS-P J104814. 7-395606 


M9 


4.02+ 0.02 


1.55+ 


0.07 


228+ 2 


29.5+ 1.4 


22 


3,10, 


10484281+0111580 


20387 


SDSS J104842. 81+011158. 2 


LI 


15.30+ 1.02 


0.52+ 


0.10 


241+ 9 


37.9+ 8.0 


16 




10511900+5613086 


20388 




L2 


15.38+ 2.38 


0.32+ 


0.09 


197+ 23 


23.3+ 7.7 


6 




10554733+0808427 


20391 




M8 


19.01+ 1.57 


0.37+ 


0.01 


255+ 5 


33.2+ 3.0 


6 




1058478-154817 


10949 


DENIS-P J1058. 7-1548 


L3 


17.33+ 0.30 


0.29+ 


0.10 


288+ 15 


23.6+ 8.5 


11 


4 


1104012+195921 


10954 




L4 


18.80+ 2.01 


0.14+ 


0.08 


24+ 31 


12.8+ 6.9 


2 




1108307+683017 


10960 




L0.5 


18.01+ 1.10 


0.32+ 


0.04 


230+ 6 


27.2+ 4.0 


5 




1121492-131308" 


10980 


LHS 2397a 


M8: 


14.45+ 0.29 


0.52+ 


0.04 


267+ 11 


35.7+ 2.5 


21 


1,5,9 


11395113-3159214 


20419 




M9 


17.54+ 1.15 


0.08+ 


0.05 


270+ 51 


6.5+ 4.4 


23 




11553952-3727350 


20431 




L2 


12.60+ 0.99 


0.82+ 


0.07 


176+ 3 


49.3+ 5.6 


23 




12035812+0015500 


20433 


SDSS J120358. 19+001550.3 


L3 


18.47+ 1.69 


1.00+ 


0.15 


257+ 6 


88.1+ 15.4 


24 




1213033-043243 


11044 




L5 


16.70+ 1.80 


0.15+ 


0.09 


260+ 38 


11.6+ 7.3 


2 




12212770+0257198 


20444 




L0 


19.40+ 1.19 


0.09+ 


0.16 


258+ 76 


8.1+ 14.7 


6 




1224522-123835 


11068 


BR 1222-1221 


M9 


17.06+ 1.11 


0.34+ 


0.10 


245+ 22 


27.4+ 8.6 


15 


5 
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ST 


d (pc) 


fltot {' 


7 yr -1 ) 


PA (°) 


V tan (km s- 1 ) 


ST Rcf. 


7T Ref. 


1Z4001 i +ol4oll 


11095 


Ijrio z6oz 




JV17.5 


i o i n_l_ i on 
lo.lU± 1.80 


0.79+ 


0. 11 


273+ 8 


CO Q _l_ 11 T 

08. o± 11. ( 


15 




1z0o1z4-t-4Uo4Uo 


11109 


T TUG Hfi^K 




M7.5 


17 t;n_l_ i 7n 
1 f .OU± 1. IK) 


0.65 + 


0.10 


158+ 7 


o4. zih y.o 


21 




1 Qflfl/IO^-LI Ol OQ ^ 

loUU4Z0-|-iy IzoO 


1 1 1 1 c 

± 1 ± 10 






T 1 

1j1 


1 1 on-l- n on 
lo.yuzt u.yu 


1 A O-L 
1 .4o± 


n 

U.UO 


OI 94- O 


07 04- 7 O 

y/.yit i .z 


c 





iQn^/im o^/iint; a 
1OU04U1 — Z041UO 


111 OO 
± 1 1ZZ 


Kelu-1 




T 9- 
LiZ. 


1 Q Ki^-U n 7fi 
lo.DDlt U. i U 


n oq-U 


n no 
u.uy 


0704- oo 
Z/U± Z Z 


OC *7_|_ »7 c 

zO. / it ( .0 


zO 


A 
4 


IQnOOIG OQQAQC 

louyz ICS — zooUoO 


111 07 
± HZ 1 


CE 303 




IVlo 


1 o on l i in 

lo.oUzt 1.1U 




n i q 
U. lo 


1 G94- 9/1 
loZ± Z4 


no ii qa 
Z . 1 It o . 4 


o 
z 




1QQ99/I/1 0/1/1119 
10OZZ44 — U441 1Z 


111 CiQ 






A/T7 K 
1V1 / . 


i s Qfi-I- i cn 
lo.yui i.ou 


1 Q+ 


10 


60+ 41 


S 74- Q n 

o. ( 3i y .u 


2 




1 Q ^K/1 1 /1_l_/1Q/19^o. 
lO00414-|-4o4Z0o 


1 1 177 


LP 220- 13 




1V1 ( 


1 firi-i- i sn 
lo.DUzt l.oU 


0.46+ 


0.07 


279+ 8 


"iA A 4- fi 7 
o4.4lt 0. ( 


o 
z 






111 ss 
1 1 loo 






Iv'18 5 


i s sn-l- i /in 

lo.OUi 1.4U 


U.ol Hz 


n m 

U.UO 


97n4- K 
Z I U 31 


70 74- n 
( Z. 1 It o.u 


c 





1 A 1 1 01 Q oi i n^n 


1 1 194 






A/TQ 

iviy 


i K 7n4- i n i 
1 . / U ± 1 . U 1 


0.12 + 


0.05 


213+ 16 


8.8+ 3.6 


2 




1 /I 9 1 Q 1 /I Ci-LI S97/1 n7 
14Z lo 140~r loZ I 4U / 


Z U ODZ 






t n 

IjU 


1 Q Qfi_|_ 1 OO 

ly.yoi: i.zz 


n 774- 
U . ( 1 It 


n n/i 

U.U 4 


9^74- 9 
ZO 1 31 Z 


7Q 9 4- fi 1 
( O.Z3I 0.1 







1/19^9700. Ifi^lWOQ 

i4Zoz i yss — ooouzzy 


nncco 
ZUOOo 


DENIS-P J142527.97- 


-36502 


T Q 


1 C QQ 1 O QO 

iD.oyit z.yo 


U.Oozt 


n i n 

U. 1U 


9n/l 4- 7 
ZU4lt f 


/II A 4- 11 1 
41.431 11.1 







1 /IOCQ1 Q9_I_CQ9QQ£/I 


z U f U 






T K 


i 7 kh-U q en 
1 / .DUzt o.oU 


n 07-U 


n i 7 
U. 1 1 


ncn-l- QO 
zOUlt OZ 


99 K4- 1 R n 
ZZ . 31 10. U 







14zo4ozo + oolUoy 1 


20571 


LHS 2924/ LP 271-25/ GJ 


M9 


ii m_l_ nit; 
ll.Ul± U.16 


0.81 + 


0.06 


201+ 6 


/I 9 Q 4- Q Q 

4z.oit o.o 


21 




i A q ens o_i_fi/i nsQfi 


1 1ZZ4 






A/TO K 

iviy.o 


i q /i n~U i in 
lo.4U± 1.1U 




n nfi 
U.UO 


i n74- q 
1U l± o 


Oo.Olt 0.1 


o 
z 




i4oyzooD+iyzyi4y 


20581 






T 1 

1j1 


i a Q7J. n i n 
14. o l± U. 1U 


l.oUzt 


n nfi 
U.UO 


288+ 1 


on n4- "2 o 

oy.uit o.y 


ZD 




1 /l/1fl99Q-L1 QQQ9Q 

i44uzzy-|- looyzo 


1 1230 


LSPM J1440+1339 




M8 


i 7 fin-i- i ^n 

1 ( .DUI 1 .ou 


u .oot 


n 

U.UO 


202+ 4 


9Q 1 _|_ A *? 
Zy . 131 4. ( 


i n 

1U 




144oz00o-t- luoioyu 


20587 






T r; 
IjO 


i K on-U q ^n 
io.yu± o.OU 


n 7i 4- 
U. ( lit 


0.15 


98+ 13 


KA n 4- i <; c 
04.U3I 10.0 


6 




140DOOO — zouy4 ( 


1 1264 


LHS 3003 




A/17 
1V1 ( 


c\ 7n -L n i 9 
D. (U± U . 1 z 


0.96+ 


0.08 


212+ 4 


on ei. 9 1^ 
oU.Olt Z.O 


15 


Q £ 
0,0 


loUlUoioi-zZoUUZU 


20596 


TVLM 513-46546 




A/TO 

iviy 


in t^o-U n n7 
iu.oy ± u.u ( 


0.08+ 


0.08 


ZZo± 40 


3.8+ 3.8 


15 




10U0044-f-10Z 1U0 


11291 






T Q 

1_jO 


i/ii n-i- i ^n 

14.1U3: l.OU 


1 114- 


n ns 

U.Uo 


97/14- Q 
Z (431 O 


7/1 94- S S 
(4.Z3I o.o 







100 ( z 1 ( — z0004o 


1 1294 






M7.5 


i a on_l_ i /in 
14.zU± 1.4U 


0.16+ 


0.05 


98+ 10 


1 H 74- Q 7 

10. ( it o. ( 


2 




i ^n7/i7c i k97qo. 

10U (4/0 — 10Z ( oo 


1 1 Oflfi 

i izyo 






T r; 
IjO 


7 qq-l n m 
l.oo± U.Uo 


U.ooit 


n nfi 
U.UO 


1 GK4- 7 
loOlt / 


on Q _|_ O n 
oU.o it z.U 


i 


A 

4 


i ^inifis^ no/i 1 n7s 

101U10O0 — UZ41U ( o 


zuouz 


TVLM 868-110639 




M9 


1 (Z OA -\- 1 9^ 
1D.04I l.ZO 


n ^s4- 
u.oot 


n ns 

U.Uo 


971 _|_ Q 

z ( idi y 


OQ c:4- ft °. 
zy.03i O.O 


1 k 

1^J 




1 t^l fl/l7flfi OS1 817/1 


ZU0U4 






iviy 


1Q QO_|_ 1 O/l 

lo.oz± 1.Z4 


0. 10+ 


0. 18 


9794- 1 7/1 
Z 1 Zzt 1(4 


8.8+ 16.1 


ZO 




ioiouuy-i-4o4 / oy 


11314 






t ft 


i n 9n~U i /in 
!U.zU± 1.4U 


1714- 
1 . / lit 


0.05 


Q 974- 1 
OZ l± 1 


SO O 4- 11 K 

oz. y± ii.o 


2 




i ^ti n i n_i_^n^Q9Q 
loz 1U1U~|-OUOOZO 


1 1323 






A/T7 t: 
1V1 / . 


i p. i n~U i 
lO.lUlt l.OU 


0.22 + 


0.08 


10131 10 


i 7 n 4- k k 
1 ( .Ult 0.0 


2 




1 CQ/I C 7|-i 1 A 1 O /I O 

loo4o f — 141o4o 


11346 






M7 


1 O trn± 1 cn 

lo.o0± l.OU 


1.00+ 


0.12 


251+ 5 


c o n _i_ i n o 
0o.y± 1U.8 


10 




±OOy41oy — U0ZU4ZO 


20625 


DENIS-P J153941.96- 


-05204 


IjO.O 


ic i o _|_ i f:q 

lo.ioit i.oy 


0.60+ 


0.04 


oOit ( 


A a ^ 4- 
40.Olt 0.0 


6 




1 e;QO/1/l/19_l_7/1Q797Q 
lOOy444z-t- / 4o ( Z (O 


zUozo 






iviy 


1 O P.A -U 1 OQ 

iy.o4zt i.zo 


n n74- 
u . u i it 


n no 
u.uy 


O^Olt 00 


fi /1 4- Q 7 
0.431 o. f 


o 




1 en^/1 _L Q7/I O/l C 
l04DU04-t-o / 4y4D 


11/1 QO 

i i4oy 






A/T7 ti 
1V1 / . 


i o 7n~U i on 
iy . / u± i .yu 


n i Q-U 
U . 1 o it 


n no 
u.uy 


1 7/1 4- 7n 
1 ( 4 It / U 


1 O t^4- « 1 
IZ.Olt o.l 


r 
O 




icn7Qi9Q ri/i/ionoi 
±DU i olzo — U44zuy 1 


onccn 
ZUOOU 






A/TP. 
IVlo 


i a nfi_l_ i i 
14.UD± 1.10 


0.42 + 


0.08 


1 774- 1 A 
1 ( ( It 14 


07 O-l- r; c 

z/.yit o.o 


OQ 
ZO 




1D1O4Z4OtU04D4UU 


ZUOOZ 






M9 


1Q 1S-I- 1 OC 

ly.ioi i.zo 


n i r4- 


n n7 

U.U ( 


1 "3Q4- 99 

ioy3i zz 


1 A 9.4- R O. 
14.o3l O.O 







i cKc.nQ7_i_7n97m 
iDOoUo i -f- (Uz 1 Ul 


1 1668 






T 1 

1j1 


iq c K-L. no/i 

lo.00± U.Z4 


0.32 + 


0.08 


207+ 7 


OS A 4- 7 *2 
ZO.431 (.O 


5 


/j 
4 


1 7(171 SQn4_fi/1QQQQ1 


on7nn 
ZU 1 uu 






M9 


i c /i o— l— i n7 

10 . 1 . U ( 


31+ 


14 


121+ 21 


OQ Q4- 11/1 
zo. y 31 11.4 


K 

o 




17079Q/1Q n^c;S9/IQ a 
llUl Z040 — U00oZ4y 


90701 
ZU ( Ul 






t n- 

IjU. 


i q en-l- i 7n 
lo.oUl 1 . / u 


11 + 


n nfi 
u . U 


66+ 40 


7 3+ 4 2 


OQ 
ZO 




1721039+334415 


11694 






L3 


15.20+ 1.40 


1.92+ 


0.11 


287± 3 


138.8+ 15.1 


2 




17312974+2721233 


20744 






L0 


11.80+ 0.70 


0.28+ 


0.05 


200± 5 


15.8+ 2.7 


6 




17351296+2634475 a 


20746 


LSPM J1735+2634 




M7.5: 


11.42+ 1.11 


0.37+ 


0.10 


150± 11 


20.2+ 5.8 


6 




17534518-6559559 


20760 






L4 


15.86+ 3.26 


0.36+ 


0.09 


178± 24 


27.1+ 8.8 


6 




1757154+704201 


11735 


LP 44-162 




M7.5 


12.50+ 1.20 


0.34+ 


0.09 


2± 7 


19.9+ 5.6 


5 




1807159+501531 


11756 






LI. 5 


14.60+ 1.10 


0.16+ 


0.05 


167± 15 


11.2+ 3.3 


2 




1835379+325954 


11792 


LSR J1835+3259 




M8.5 


5.67+ 0.02 


0.76+ 


0.09 


183± 4 


20.5+ 2.5 


27 


12 


1843221+404021 


11800 


LHS 3406 




M8 


14.14+ 0.16 


0.65+ 


0.05 


352± 3 


43.6+ 3.6 


2 


9 


18451889+3853248 


20793 


LSPM J1845+3853 




M8 


16.28+ 1.34 


0.41 + 


0.10 


32± 11 


31.6+ 8.5 


6 




19360187-5502322 


20823 


SIPS 1936-5502 




L4: 


19.00+ 3.90 


0.29+ 


0.31 


131± 51 


26.4+ 28.2 


6 





Table 1 — Continued 



2MASS Designation 


UCD # 


Other Name 


ST 


d (pc) 




Mtot ( 


' 


yr -1 ) 


PA (°) 


V tan (km s~ x ) 


ST 


20004841-7523070 


20845 




M9 


17.90+ 


1 


20 





34+ 





07 


220+ 9 


28.7+ 6.1 


6 


20282035+0052265 


20866 


SDSS J202820. 32+005226. 5 


L3 


17.40+ 


1 


80 





14+ 





09 


105+ 28 


11.2+ 7.1 


16 


20360316+1051295 


20870 




L3 


18.00+ 


1 


65 





26+ 





09 


216+ 21 


22.1+ 8.4 


6 


2037071-113756 


12027 




M8 


16.80+ 


1 


40 





41± 





06 


182+ 15 


32.8+ 5.3 


2 


20450238-6332066 


20875 




M9 


17.01 + 


1 


11 





26+ 





10 


159+ 15 


21.0+ 8.3 


6 


2057540-025230 


12054 




LI. 5 


15.70+ 


1 


10 





08+ 





02 


171+ 17 


5.9+ 1.6 


2 


2104149-103736 


12059 




L2.5 


18.70+ 


1 


60 





66+ 





05 


115+ 3 


58.9+ 6.5 


14 


2224438-015852 


12128 




L4.5 


11.49+ 





12 





97+ 





20 


150+ 7 


52.8+ 10.9 


1 


22264440-7503425 


20946 


DENIS-P J222644. 3-750342 


M8 


17.36+ 


2 


83 





05+ 





06 


24+ 60 


4.5+ 5.3 


28 


2237325+392239 


12145 


G 216- 7B 


M9.5 


18.89+ 





69 





36+ 





07 


181+ 8 


32.1+ 6.4 


29 


22521073-1730134° 


20976 


DENIS-P J225210. 73-17301 


L5.5 


12.70+ 


1 


70 





45+ 





12 


71+ 10 


27.0+ 8.0 


6 


22551861-5713056 


20979 




L3 


19.14+ 


6 


95 





36+ 





14 


207+ 16 


32.8+ 17.3 





2306292-050227 


12171 




M8 


11.01 + 





90 


1 


05+ 





06 


117+ 4 


54.8+ 5.4 


5 


2325453+425148 


13227 




L8 


14.10+ 


2 


01 





28+ 





10 


180+ 45 


18.9+ 7.2 


10 


23464599+1129094 


21011 


LSPM J2346+1129 


M9 


18.47+ 


1 


20 





41 + 





07 


261+ 8 


35.7+ 6.9 


6 


2349489+122438 


12217 


LP 523-55 


M8 


19.60+ 


1 


60 





16+ 





08 


174+ 37 


15.3+ 7.2 


5 


2351504-253736 


12220 




M8 


13.20+ 





80 





42+ 





11 


62+ 15 


26.4+ 7.0 


10 



NOTE. — Reference for tt is only listed if the distance given is a parallax measurement. 
a Binary considered as a single object due to the lack of resolved spectroscopy, 
to b Propcr motion from lVrba et al.l ( 120041) 

c Widc binary 



References. — Spectral Type References: (1) Kirkpatrick et al. 2000 (2) Paper 5 (3) Irwin et al. 1991 (4) Leinert et al. 2000 (5) Gizis et al. 2000 (6) Paper 10 
(7) Phan-Bao et al. 2001 (8) Geballe et al. 2002 (9) Cruz & Reid 2002 (10) Paper 9 (11) Delfosse et al. 1997 (12) Kirkpatrick et al. 1997 (13) Martin et al. 1999b 
(14) Kirkpatrick et al. in prep (15) Kirkpatrick et al. 1995 (16) Hawley et al. 2002 (17) Thorstensen & Kirkpatrick 2003 (18) Ruiz et al. 1991 (19) Gizis & Reid 
1997 (20) Henry et al. 2004 (21) Kirkpatrick et al. 1991 (22) Delfosse et al. 2001 (23) Gizis 2002 (24) Fan et al. 2000 (25) Ruiz et al. 1997 (26) Kirkpatrick ct al. 
1999 (27) Reid et al. 2003 (28) Phan-Bao et al. 2003 (29) Kirkpatrick et al. 2001 



References. — ir References: (1) van Altena ct al. 1995 (2) Tinney, Reid, Gizis, & Mould 1995 (3) Costa et al. 2005 (4) Dahn et al. 2002 (5) Tinney 1996 (6) 
Vrba et al. 2004 (7) Thorstensen & Kirkpatrick 2003 (8) Ianna & Fredrick 1995 (9) Monet et al. 1992 (10) Deacon & Hambly 2001 (11) Jao ct al. 2005 (12) Reid 
et al. 2003 (13) ESA 1997 



Table 2 

Ha Emission Data for the 2MUPM Sample 



2MASS Designation 


UCD # 


Other Name 


ST 


K 


M bo! 


F bo! 


Ha EW (A) 


Ha Flux 


log(F Ha /F bol ) 


UT date 


Spectra Rcf 


00043484-4044058" 


20004 


LHS 102B/GJ 1001B 


L5 


11.4 


14.74 


3.58E-11 


-1.50 


4.86E-17 


-5.87 








0019262+461407 


10013 




M8 


11.47 


14.57 


4.18E-11 


> -4.55 






2002 


Jul 8 




0019457+521317 


10014 




M9 


11.62 


14.76 


3.50E-11 


-9.25 


4.85E-16 


-4.86 


2000 


Oct 2 




0024246—015819 


10018 


BRI 0021-0214 


M9.5 


10.58 


13.76 


8.85E-11 


> -0.36 






2003 


Jul 10 




0024442 — 270825 


10019 


LHS 1070b 


M8.5 


9.83 


12.95 


1.79E-10 


-8.43 


3.75E-15 


-4.68 






1 






LHS 1070c 


L0 


10.14 


13.34 


1.25E-10 


> -0.38 










1 


0027559+221932° 


10022 


LP 349- 25 


M8: 


9.56 


12.66 


2.44E-10 


-12.58 


1.72E-15 


-5.15 








00315477+0649463 


20024 


LSPM J0031+06 


M9 


11.72 


14.87 


3.18E-11 


> -3.75 






2003 


Oct 12 




00361617+1821104 


20029 




L3.5 


11.06 


14.40 


4.89E-11 


> -0.47 












00413538-5621127 


20035 


DENIS-P J00041353-562112 


M8 


10.86 


13.96 


7.34E-11 


-24.02 


5.85E-15 


-4.10 


2003 


Nov 10 




00452143+1634446 


20037 




L0 


11.37 


14.57 


4.18E-11 


-10.06 


4.75E-16 


-4.94 


2003 


Jul 10 




01025100-3737438 


20049 


LHS 132/LP 938- 71 


M8 


10.07 


13.17 


1.53E-10 


-11.16 


5.82E-15 


-4.42 


2003 


Nov 9 


2 


01075242+0041563 


20052 


SDSS J010752. 33+004156.1 


L8 


13.71 


16.91 


4.86E-12 


> -15.43 












01090150-5100494 


20053 




M9 


11.09 


14.24 


5.67E-11 


-31.95 


1.48E-15 


-4.58 


2003 


Nov 9 


3 


01092170+2949255 


20055 




M9.5 


11.68 


14.86 


3.21E-11 


> -0.35 












0109511 — 034326 


10068 


LP 647- 13 


M9 


10.42 


13.57 


1.05E-10 


-8.56 


2.47E-15 


-4.63 


2000 


Sep 29 




0123112-692138 


13056 




M8 


11.3 


14.40 


4.91E-11 


-9.97 


2.86E-15 


-4.23 


2006 


Jan 15 




01282664-5545343 


20068 




L3 


12.34 


15.67 


1.52E-11 


> -6.82 






2006 


Jan 15 




0144353-071614 


10088 




L5 


12.28 


15.63 


1.58E-11 


> -3.06 






2002 


Jan 24 




0148386-302439 


10091 




M7.5 


11.24 


14.32 


5.28E-11 


-4.66 


2.58E-15 


-4.31 


2002 


Jan 28 




01550354+0950003 


20083 




L5 


13.14 


16.48 


7.19E-12 












4 


0205293-115930 a 


10096 


DENIS-P J0205.4-1159AB 


L7: 


12.98 


16.25 


8.90E-12 


> -2.46 












0213288+444445 


10102 




LI. 5 


12.24 


15.52 


1.74E-11 


-2.35 


1.07E-16 


-5.21 


2001 


Jul 23 




02150802-3040011 


20101 


LHS 1367 


M8 


10.54 


13.64 


9.87E-11 


-3.88 


2.06E-15 


-4.68 


2003 


Nov 8 




02284243+1639329 


20116 




L0 


11.82 


15.02 


2.76E-11 


-3.49 


5.98E-16 


-4.66 


2004 


Feb 11 


5 


0248410-165121 


10149 


LP 771— 21/BR 0246 — 1703 


M8 


11.41 


14.51 


4.44E-11 


-7.86 












0251148—035245 


10151 




L3 


11.65 


14.99 


2.85E-11 


> -0.33 






2004 


Feb 12 


6 


0255035-470050 


10158 


DENIS-P J0255-4700 


L8 


11.53 


14.73 


3.62E-11 


> -1 










6 


02572581-3105523 


20139 




L8 


12.88 


16.08 


1.05E-11 


> -2 












03140344+1603056 


20156 




L0 


11.24 


14.44 


4.70E-11 


-0.77 


2.78E-16 


-5.23 


2004 


Feb 11 




0320596+185423 


10179 


LP 412- 31 


M8 


10.57 


13.67 


9.60E-11 


-23.97 


6.87E-15 


-4.15 


2000 


Oct 1 




03283463+1129515 


20161 


LSR J0328+1129 


M8 


11.33 


14.43 


4.78E-11 


> -3.26 






2003 


Oct 12 




0331302 — 304238 


10186 


LP 888- 18 


M7.5 


10.28 


13.35 


1.29E-10 


-7.64 


2.06E-15 


-4.80 


2000 


Sep 30 


5 


0339352-352544 


10201 


LP 944-20/BRI 0337-353 


M9 


9.53 


12.67 


2.40E-10 


> -0.31 












0351000-005244 


10213 


LHS 1604 


M7.5 


10.19 


13.26 


1.39E-10 


-8.98 


3.77E-15 


-4.57 








03552337+1133437 


20171 




L6 


11.53 


14.84 


3.25E-11 


> -24.29 






2004 


Feb 11 




0417374-080000 


10261 




M7.5 


11.05 


14.13 


6.29E-11 


-10.21 


2.02E-15 


-4.49 


2002 


Jan 27 




0423485-041403 a 


10276 


SDSS J042348.57-041403.5 


L7: 


12.94 


16.21 


9.28E-12 


> -10.45 






2002 


Jan 25 




0429184-312356 a 


10287 




M7.5: 


9.8 


12.87 


1.99E-10 


-15.91 


2.28E-14 


-3.94 


2002 


Jan 27 




0435161-160657 


10302 


LP 775- 31 


M7 


9.34 


12.39 


3.11E-10 


-6.04 


6.09E-15 


-4.71 


2000 


Sep 30 




0439010-235308 


10312 




L6.5 


12.81 


16.10 


1.02E-11 


> -6.32 






2002 


Jan 26 




0440232-053008 


10316 


LP 655- 48 


M7 


9.56 


12.61 


2.54E-10 


-13.82 


1.11E-14 


-4.36 


2000 


Sep 29 




0443376+000205 


10320 


SDSS 0443+0002 


M9: 


11.17 


14.32 


5.29E-11 


-4.48 


8.88E-16 


-4.77 


2002 


Jan 28 




0445538-304820 


10329 




L2 


11.98 


15.29 


2.16E-11 


> -0.75 






2002 


Jan 25 




05002100+0330501 


20197 




L4 


12.06 


15.41 


1.93E-11 


> -8.46 






2004 


Feb 11 





Table 2 — Continued 



2MASS Designation 


UCD # 


Other Name 


ST 


K 


M 6o ; 


F bo/ 




Ha EW (A) 


Ha Flux 


log(F Ha /F bol ) UT date 


Spectra Ref 


U01 / o / D — oo4yUii 


10380 


ULTIMO JUOlioi.i — oo4yuo 


T\/Tft 


10.82 


13.92 


7 K^TT 

/ .OO-Cj- 


1 1 


-5. 13 


O nftTT 1 r; 
Z.UOiii-lO 


-4.56 


2002 


Jan 25 




n^o'qo.fto i/imm 
UO zoooz — 14UoUz 


i n^on 
lUoyu 




Tor; 
LiZ.O 


1 1 fi Q 
1 l.DO 


1 A or; 

14. yo 


O or;T7 
z . y S2j- 


1 1 
1 1 


\ n 7Q 






onno 
zUUz 


Tin OA 

j an z4 




U0441 10 — Z40OU1 


10444 




M8 


11 44 


14 54 


4 32E- 




1 r;o 
-l.OO 


O 1 OTT 1 R 
Z . IZlli- 1 D 


-O.Ol 


onno 
ZUUz 


C Qr , or; 
ocp ZO 




U0z440y0— 40Z 104o 


zl)z44 




T r; 
Liu 


in c 
1Z.D 


1 r; OA 

io.y4 


1 1 QT7 

i . lyjjj- 


1 1 
1 1 


\ o oo 

~> -y.yz 






2003 


Apr 21 




UOOzoU ( +4 / lUo4 


i rifini 
1UDU1 




T A r; 
Li4.0 


1 1 fiO 

i i.oy 


1 r; r\A 
10.U4 


O 70T7 

Z. ( Z£j- 


i i 
1 1 


\ o an 
> -z.yu 






2004 


Feb 12 




U f UUOOO-r-OlO f ZO 


10617 




T Q r;. 


11.31 


14.65 


3.88E- 


1 1 


> -1.16 






2004 


TjV,k 1 n 
rCD 1 U 


O 


U i(J tool ( — 4yUUoUo 


20258 


T71 Q /-I QH7 £i 1 

BoU zU/-ol 


M8 


12.11 


15.20 


2.34E- 


1 1 


> -6.27 




■ ' ' 








n7i /in t qQ/i-i_'q7no/i r;o 
u / i4Uoy4-f-o ; uz4oy 


onofi'q 




M8 


i n s/i 


i 'q Q*q 


7 cip 1 


1 1 


7 Tq 
- ( .oo 


1 95E-15 


-4.59 


2003 


i\/To t 1 "q 
iviar lo 




n7/1 1 nKG-LI 7*qft/1 r; 
U / 41UDo-|-l i 0040 


10666 


T HQ 1 OQ7 

LillD iyo ( 


A/T7 


10.97 


14.02 


6.92E- 


1 1 


-3.94 


1 .34E-15 


-4.71 


zUUo 


iviar lo 




U / 404Z0-|-zUUUoZ 


10668 




L0.5: 


10.49 


13.72 


9. 16E- 


1 1 


-1.80 


0.U011/-ID 


-5.48 








U / ozzoy-j-iDiziO 


1UO I O 


T T> ^1 
ijl 4Zo- Ol 


M7 


Q SO 

y .oz 


1 9 ft7 
1Z.O / 


2 00E- 


i n 

1U 


-36 22 


r: 91 T? i/l 
. Z IHj- 14 


-3.58 


2002 


Jan 25 




nsn/i nr;on_i_Ki ktjqc 


onoon 
zuzyu 




A/TO 


11 A r; 
1 1.40 


i A fin 

14. DU 


4.UU.CJ- 


i i 
1 1 


Q r;o 

-y.Oo 


7 KOTT 1 P. 


A 79 
-4. ( Z 


onm 
ZUUo 


Mar 15 




nftn70Kn7_i_ t qoi m 
UoU / zOU / -fozlolUl 


onooo 
zUzyz 




IVlo 


i i n; 
1 l.Uu 


1 A 1 r; 
14. 10 


P. 1 S"P 
0. loLV 


1 1 
1 1 


on o*q 
-zu.yo 


7 fiftTT 1 r; 


■q 01 
-o.y 1 


zu Uo 


Mar 14 






i n7i n 
1 U / 1 U 




1V1 / 


ii 1 1 
1 1. lo 


1 A 1 Q 

14. iy 


r; Oi^Tn 1 


1 1 
1 1 


i n i i 
- 1 U . 1 1 


■q K9TT 1 r; 


-4.22 


2003 


Mar 13 




flST^I O^-LTI 1 r; r;o 


1072 1 




T 7 r; 


13.05 


16.28 


8.65E- 


12 


\ A Q9 






1998 


Dec 14 


ft 
D 


nsQnnfio^j_/i sos /i go 
UOOUUozO-r-4ozo4oz 


20301 


crvoc Tne^nnft i o_i_/i coq/| 7 /i 


T e 


13.68 


16.88 


5.01E- 


12 


> -l.DU 




' ' ' 








UooUO^0Di"Uy4 ( lOo 


ZUolli 


T T-TQ oriOl 
ijJrlo zuzl 


M8 


10 76 


1 ■q ftr; 


8 10E- 




-28 23 


1 75E-14 


-3.66 


2004 


r cb 10 




nsQ^/io^ ns i oo*q 


10742 




T r; 


11.16 


14.50 


A A P,T? 


1 1 


> -3.54 






2004 


Feb 12 




nS/!7TS7 1 r; o o 'q 7 
Uo4 IZOi- lOOZO ( 


10764 




T O 


12.05 


15.36 


2.03E- 


1 1 


> -1.11 






2004 


Feb 12 




nft^QQCO HQOQQO 
UoOOOOZ — voZVoZ 


1 n77K 
1U i (D 


T T-TQ one r; 


1\/TQ 

iviy 


O 07 

y.y i 


iq in 
lo. Iz 


1 .59E- 


i n 
1U 


-o. lo 


1 1 7TT 1 A 
1.1 1 Hi- 14 


-4. 13 


2002 


Jan 23 


O 
Z 


UyU8o8U+0UozU8 


10802 




L7 


12.92 


16.19 


9.44E- 


12 


> -5.60 






2002 


Jan 22 




noi i ioo7_i_7/imnsi 
uynizy/ / 4U1UCS1 


OnQQ 'q 




t n 


1 1.75 


14.95 


2.94E- 


1 1 


> -3.31 






onn/i 
ZUU4 


Feb 10 




Uy 10o410tU4ZZU40 


20335 




T 7 

i-J ( 


1 q ni 


1 P. OS 
1D.ZO 


ft fifiTT 
o.DDIIj- 


12 


r^ 9Q 

^> o.zy 






onn/i 
zUU4 


Feb 1 1 




Uy Z 1 ±4±U — Z1U444D 


20336 


QT~PQ f|091 Oin/1 
ol.ro uyzl — zlU4 


T O 
IjZ 


1 1.69 


14.99 


2.83E- 


1 1 


> -2.99 






2003 


lvlar lo 




uy4y zzzoi-uoUo4ou 


20352 


T UQ oi or; 
LiliO ziyt) 


M8.5 


11.21 


14.33 


5.23E- 


1 1 


> -1.97 




' " ' 


2003 


Apr 22 




lUUDoiy — IDOOZD 


10877 


T "P 7QO O'q 

iji /oy — zo 


A/T7 r; 
1V1 / . O 


1 1 


14.07 


6.61E- 


1 1 


-5.88 


3.08E-15 


-4.33 


2002 


Jan 26 




1 ni HO AT 1 Q7K1 /1Q 




Ijrlo ZZ4o 


M8 


m nr, 


14 04 


6 80E- 




Q9 

-u.yz 


9 ftnTT 1 r; 
Z . oUHj- 10 


-4.39 


2003 


iviay 10 




1 nOO/1 ft O 1 _L^QOK/l r; 9 


zUo f o 




T 1 


12.16 


15.42 


1 .92E- 


1 1 


O/l 
-Z4 


c n r;TT 1 r; 
O.U0rii-10 


-3.50 


2004 


Feb 10 




ino/inoo_i_i e i c q 
iuz4uyy-r-ioiooo 


iuyuo 




IVlo 


1 l.z 1 


i a 'qn 
14. oU 


r; qp,T7 


1 1 
1 1 


7 70 
- 1 . 1 Z 


1 9r;i? 1 r; 
1 .ZOrL-10 


-4.63 


2003 


ivlay 10 




!U4oU / o+zzzozo 


i nooK 
iuyzo 




T S- 
IjO. 


1 Q QO 

lo.yy 


1 7 1 Q 

i / . iy 


'q 7^17 


1 o 
Iz 


> -4.0 






onn/i 
ZUU4 


1NOV / 




1U40Z4U — U14y0 1 


10929 


QTiQQ Tin/ir;o/1 nn ni/1or;7 c 
oUoo J 1U40Z4.UU — U14y0 f .0 


T 1 


11.81 


15.07 


2.64E- 


1 1 


> -17.68 






2002 


Jan 31 




in/isi/ifi 1 ! ■qo^finfio 

1U4614DO — oy OOUOZ 


ZUOOO 


T^T^WTQ P Tin/181 /I 7 ^O^finfi 


M9 


ft A r; 
0.40 


1 1 fin 

1 1 .DU 


6 48E- 


10 


A 77 
-4. 1 ( 


4 3 IE- 15 


r; 1 ft 

-0. lo 


2003 


iviay 14 




i n/ifi/iQQi i m i i r;on 
lU4o4zol + Ul 1 lOOU 


ZUOO I 


QTlQ Q T 1 n/l ft/I O Q1 _Lfl1 1 1 rifi o 


T 1 

Lil 


1 1.62 


14.88 


3. 14E- 


1 1 


> -1.11 






2003 


Apr 21 




i n r; i i onn_i_ r;fi i Qnoc 
1U0 1 iyUU-)-ODloUoD 


OflQQ Q 

zUooo 




T O 
LiZ 


11.91 


15.21 


2.33E- 


1 1 


> -2.31 






2004 


Feb 10 




10554733+0808427 


20391 




M8 


11.37 


14.46 


4.61E- 


11 


> -6.49 






2003 


Mar 15 




1058478-154817 


10949 


DENIS-P J1058. 7-1548 


L3 


12.51 


15.85 


1.29E- 


11 


-1.61 


2.74E-17 


-5.67 






4 


1104012+195921 


10954 




L4 


12.98 


16.32 


8.31E- 


12 


> -1.62 






2002 


Jan 22 




1108307+683017 


10960 




L0.5 


11.6 


14.83 


3.29E- 


11 


> -0.86 






2004 


Feb 12 




1121492-131308 a 


10980 


LHS 2397a 


M8: 


10.72 


13.82 


8.35E- 


11 


-77.69 


3.34E-14 


-3.40 








11395113-3159214 


20419 




M9 


11.5 


14.65 


3.88E- 


11 


-11.84 


9.43E-16 


-4.61 


2003 


Apr 23 




11553952-3727350 


20431 




L2 


11.46 


14.76 


3.50E- 


11 


> -2.91 






2003 


Apr 23 




12035812+0015500 


20433 


SDSS J120358. 19+001550.3 


L3 


12.48 


15.81 


1.34E- 


11 


> -10.85 










7 


1213033-043243 


11044 




L5 


13 


16.35 


8.15E- 


12 


> -2.52 






2002 


Jan 24 




12212770+0257198 


20444 




L0 


11.95 


15.16 


2.43E- 


11 


-5.96 


3.66E-16 


-4.82 


2003 


Apr 21 




1224522-123835 


11068 


BR 1222-1221 


M9 


11.37 


14.52 


4.38E- 


11 


-7.14 


7.29E-16 


-4.78 


2003 


Apr 22 





Table 2 — Continued 



2MASS Designation 


UCD # 


Other Name 




ST 


K 


M bol 






Ha EW (A) 


Ha Flux 


log(F Ha /Fbol) UT date Spectra Ref 


1Z4D01 i -(-014011 


1 1095 


T T-TQ neon 

Lno A00A 




A/T7 c; 
IVI f . 


1 1 .23 


14.31 


5.33E- 


11 


> -0.12 








8 


lz0olz4-r-4Uo4Uo 


ill no 
1 1 iuy 


T HQ ipa tz 
IjIIo Z04D 




A/T7 tz 
1V1 I . O 


11 17 


1 A or; 
14. Ao 


5.63E- 


11 


r; tp 
-0. / D 


p a nt? 1 p 
D.4U.CJ- ID 


A QA 

-4.y4 


onn'3 
zUUo 


Tni in 

JU1 1U 




1 1 115 






LI 


11 61 


14. OO 


3.19E-11 


n /in 






onn/l 
ZUU4 


T7„U 1 O 

rcD iz 


i^nE./im o^/iin^ a 
1OU04U1 — Z041UD 


111 T) 


Kclu-1 




T 9- 
VjA. 


1 1 7Q 
11. iO 


10. Uo 


2.74E- 


-11 


-U.oo 


O.UO.Cj-1 / 


-5.50 






loUyzlO — ZOOUoO 


111 07 


CE 303 




A/TO. 
IVlO 


i n K7 


1 Q TP, 
lo. / 


8.80E- 


-11 


-O.IA 


q qoT? 1 tz 
O. oAtli- 10 


A A O 
-4.4Z 


onno 
ZUUZ 


T „ „ rytZ 

j an ZO 


lOOZ Z44 — U441 Iz 


111 q 
1 1 loo 






A/T7 tz 
IVI / . 


11.3 


1 A "37 
14. / 


5.03E- 


-11 


- 13.35 


Q QflT? 1 tz 


-4. 18 


2002 


Jan 27 


1 'i^K/l 1 /l-L/l'i/IOK.O. 
Io00414-|-4o4z>.>0 


1 1 177 


LP 220- 13 




A/T7 
1V1 ( 


10.63 


13.69 


9.42E- 


11 


-16.52 


7 *?OT? 1 tz 

1 .oyji- 10 


-4.11 


2002 


Jan 24 




111 SO. 
1 1 loo 






M8 5 


I 1 

I I .OO 


1 A TK 
14. ( 


3.55E- 


■11 


-4 81 


P PTJ? 1 P 


A 7*3 
-4. / 


ZUUO 


Tni 1 n 

JUl 1U 


i4iizio — zi iyou 


1 1 194 






A/TO 

iviy 


1 1.32 


1/1 AT 
14.4 / 


4.59E- 


■11 


-5.98 


q KqT? 1 tz 
O.OOlij-10 


-4. 10 


2002 


Jan 23 


14Z1014D-rlo.£ l 4U ( 


ZUDOZ 






t n 

IjU 


1 1 94 


1 K 1 K 
10.10 


2.46E- 


■11 


-2 04 


tz. oriT? 1 p 
o.yu-cj-10 


-4.62 


2004 


Feb 12 


1/I9E.97QQ QfiRHOOO 

I4z0z iyo — oDOUzzy 


zUOOo 


DENIS-P J142527.97- 


■36502 




1 1 Q1 

ll.ol 


1^1/1 
10. 14 


2.48E- 


11 


\ K 71 
> -0. / 1 






2003 


Apr 22 


I4zooloz-t-oyzoo04 


ZUO ( U 






T tz 
IjO 


1 1 IT 
lO.Z 1 


1 P PI 


6.40E- 


■12 








onnc 
ZUUO 


Mar 5 


1 /IOQ/1 , 39'i_l_'iQ1 OQQ1 
14zo4ozo-t-oolUoyi 


on^.71 
ZUO ( 1 


LHS 2924/ LP 271-25/ GJ 


A/TO 

iviy 


i n 7/1 

1 U . / 4 


1 Q CO 

lo.oy 


7.81E- 


■11 


A TP 
-4. / O 


O ItZT? 1 tz 


A tZA 
-4.04 


onm 


Mar 14 


14ooUoZ-t-D4Uoo0 


1 1ZZ4 






A /TO tz 

ivi y . o 


1 1 tzT 
11 .0 I 


1 A TK 
14. ( 


3.55E- 


-11 


O "iP 
-A.oO 


1 01 T? 1 P 

1 . O 1 -Cj- 1 


-5.29 


2001 


Jul 21 


1 /IQmSQfi-LI QOQ 1 /lO 


20581 






T 1 

1j1 


1 1.55 


14.80 


3.37E- 


■11 


> -1.36 






2003 


Apr 22 


i /i/imoo_i_i 'i *?oo 'i 
i44Uzzy-|-iooyzo 


1 1230 


LSPM J1440+1339 




A/TO 
IVlO 


1 1.29 


14.39 


4.95E- 


11 


-4.1 1 


1 1 PT? 1 tz 
1. 10-Cj- 10 


A PI 
-4. DO 


2002 


Tni tz 
JUl 


144ozOOO-t- luoioyu 


20587 








12.68 


16.03 


1.09E- 


■11 


> -8.33 






2003 


A 1^ v on 
/\ p r zu 


140DOOO — ioUy4 f 


1 1264 


LHS 3003 




A/T7 
1V1 / 


8.92 


1 1.97 


4.58E- 


10 


-7.58 


1 1 A 
1 ,4o.Cj-14 


-4.51 


2003 


JViar lo 


i t;m no. i o._i_ooc.nnon 


20596 


TVLM 513-46546 




A/TO 

iviy 


in 7i 
1U. 1 1 


13.85 


8.09E- 


■11 


\ cat 






2003 


Jul 10 


10U0044-|-loz 1U0 


1 1 oQi 
i izy i 






IjO 


1 1 7c; 
11 . / O 


i K ns 
10. Uo 


2.61E- 


■11 


\ -7 07 
> - 1 .O 1 


' ' ' 








loU/z/ f— zUUU4o 


1 1294 






M7.5 


10.65 


13.73 


9.09E- 


■11 


-2.15 


1.01 E- 1 5 


-4.96 


2002 


T 

Jan 27 


1Cn7/17f; If'O?'?©. 
10U / 4 / D — iDz I Oo 


1 1296 






T tz 


11.3 


14.65 


3.90E- 


■11 


> -5.01 






2004 


Aug 9 


i ciinifis^ n9/i i n7s 


inpm 

A\JO\JA 


TVLM 868-110639 




M9 


1 1 itz 

11. oo 


14 50 


4.48E- 


-11 


> -5 82 






2003 


Mar 13 


101U4 I OD — Zolol I 4 


20604 






A/TO 

iviy 


1 1 .69 


14.84 


3.28E- 


■11 


> -12.51 






2003 


Mar 13 


±oiouuy~i-4o4/ oy 


1 1014 






T P 
IjO 


12.57 


15.88 


1.25E- 


■11 


> -10.11 






2004 


Feb 10 


1 A 1 U 1 U -+- U o A o 


1 lozo 






A/T7 tz 
1V1 / . 


10.92 


14.00 


7.10E- 


■11 


-8.52 


O A OT? 1 P 

y .4yn/-io 


A B7 
-4.0 / 


2001 


Jul 20 


1^*3/1^70 1/11S/IS 
10O40 IV — 141040 


1 1346 






M7 


10 31 


1 "3 "37 
lO.O l 


1.27E- 


■10 


9/1 PQ 

-z4.oy 


y .ou.cj-10 


A 1 O 
-4. 1Z 


onno 

zUUz 


Tni A 
J Ul 4 


iooy4ioy — uozu4zo 


20625 


DENIS-P J153941.96- 


■05204 


T q E 
IjO.O 


12.58 


15.92 


1.21E- 


-11 


> -2.77 






2004 


Feb 10 


1 /I 10 17/1 707'3 
10oy444z-|- / 4o (Aid 


ZUOzO 






A/TO 

iviy 


1 1 7Q 

11 . / o 


1 A QO 
14. Oo 


3.14E- 


■11 


\ K OO 






2003 


Mar 13 


1 C/1 KnC/1 _L Q7/I O/l C 
1040U04-|-o / 4y4D 


11/1 

1 i4oy 






A/T7 K. 
1V1 / . 


1 1 AO 
1 1.4Z 


1/1 A Q 

14. 4y 


4.49E- 


-11 


TAX. 
- ( .40 


1 cot? 1 c; 

1 .OO.Cj-10 


A Qfi 
-4.00 


onm 
ZUUo 


Tni in 

JUl 1U 


10U / olzo — U44zuy 1 


zUOOU 






A/To 


i n 7o 
lu. / A 


lO.Ol 


8.40E- 


-11 


- 10.41 


A Q1 T? 1 tz 
4 . 1 III- 1 


A OO. 


2003 


ivi ar 1 4 


1D104Z40tU04D4UU 


ZUOOZ 






M9 


11 74 


1 A SQ 

14. oy 


3.12E- 


-11 


--. O CO 
J> -Z.Oo 






2003 


Apr 21 


i Rt;am7_L7fn7ni 

lOOoUo 1 -f- f UZ f Ul 


1 1668 






T 1 
1j1 


1 1.92 


15.18 


2.39E- 


-11 


> -13.55 






2003 


Mar 13 


1 7H71 QQn-LK/l QQQQ1 


on7nn 
zU / UU 






A/f O 

iviy 


1 1 .38 


14.52 


4.37E- 


■11 


-28.74 


COHl 

2.58E-15 


-4.23 


2003 


Jul 9 


17072343— 0558249 a 


20701 






L0: 


10.71 


13.92 


7.64E- 


■11 


> -3.43 






2003 


Apr 23 


1721039+334415 


11694 






L3 


12.47 


15.81 


1.34E- 


■11 


> -1.89 






2001 


Jul 19 


17312974+2721233 


20744 






L0 


10.91 


14.12 


6.34E- 


■11 


-5.98 


8.92E-16 


-4.85 


2003 


Apr 22 


17351296+2634475 a 


20746 


LSPM J1735+2634 




M7.5: 


10.16 


13.23 


1.44E- 


10 


-2.60 


1.08E-15 


-5.13 


2003 


Apr 22 


17534518-6559559 


20760 






L4 


12.42 


15.77 


1.38E- 


■11 


> 26.65 






2003 


Apr 23 


1757154+704201 


11735 


LP 44-162 




M7.5 


10.37 


13.45 


1.18E- 


10 


-0.91 


4.19E-16 


-5.45 


2003 


Mar 13 


1807159+501531 


11756 






LI. 5 


11.61 


14.89 


3.12E- 


■11 


-1.38 


8.49E-17 


-5.57 


2001 


Jul 15 


1835379+325954 


11792 


LSR J1835+3259 




M8.5 


9.15 


12.28 


3.46E- 


10 


-1.99 


7.13E-16 


-5.69 


2001 


Jul 22 


1843221+404021 


11800 


LHS 3406 




M8 


10.27 


13.37 


1.27E- 


10 


-7.45 


6.08E-15 


-4.32 






18451889+3853248 


20793 


LSPM J1845+3853 




M8 


11.05 


14.14 


6.20E- 


■11 


-15.42 


1.82E-15 


-4.53 


2003 


Jul 9 


19360187-5502322 


20823 


SIPS 1936-5502 




L4: 


13.05 


16.39 


7.79E- 


12 


> -7.77 






2003 


Apr 20 



Table 2 — Continued 



2MASS Designation 


UCD # 


Other Name 


ST 


K 


M 6oi 


F 6o! 


Ha EW (A) 


Ha Flux 


log(F Ha /F bol ) 


UT date 


Spectra Rcf 


2000484i —7^23070 


20845 




M9 


11.51 


14.66 


3.85E-11 


> -6.87 






2003 Anr 23 




2028203 ^+00 ^22^ 


90866 


SDSS T209820 32+005926 5 


L3 


12.79 


16.13 


9.97E-12 


> -6.33 






2003 Tni in 




2036031 fi+1 fifil 2Q^ 


20870 




L3 


12.45 


15.78 


1.37E-11 


> -6.34 






2003 Tni 9 




2037071 —1 1 37^6 


12027 




M8 


11.26 


14.36 


5.09E-11 


-6.23 


1.70E-15 


-4.48 


2nni Tni 14 




204^0238 — fi3320fin" 


20875 




M9 


11.21 


14.36 


5.10E-11 


> -4.62 






2003 Anr 2D 




20^7^40 — 02^230 


12054 




LI. 5 


11.75 


15.03 


2.74E-11 


-8.44 


4.01E-16 


-4.83 


2001 Jul 15 




2104149-103736 


12059 




L2.5 


12.36 


15.68 


1.51E-11 


> -3.41 






2001 Jul 15 




2224438-015852 


12128 




L4.5 


12.02 


15.37 


2.01E-11 


-1.23 


1.45E-17 


-6.14 


1999 Jul 16 




22264440-7503425 


20946 


DENIS-P J222644. 3-750342 


M8 


11.25 


14.34 


5.16E-11 


-3.15 


3.81E-16 


-5.13 


2004 Aug 8 




2237325+392239 


12145 


G 216-7B 


M9.5 


12.15 


15.33 


2.08E-11 


-0.7 






2002 Jan 1 


9 


22521073-1730134 b 


20976 


DENIS-P J225210. 73-17301 


L5.5 


12.9 


16.23 


9.04E-12 


> 173.7 






2005 Oct 9 




22551861-5713056 


20979 




L3 


12.58 


15.91 


1.21E-11 


> -20.33 






2004 Aug 9 




2306292-050227 


12171 




M8 


10.29 


13.38 


1.25E-10 


-2.77 


3.57E-16 


-5.54 


2003 Jul 10 




2325453+425148 


13227 




L8 


13.81 


17.01 


4.44E-12 


> -1.39 






2004 Sep 20 




23464599+1129094 


21011 


LSPM J2346+1129 


M9 


11.61 


14.75 


3.53E-11 


-13.01 


1.15E-15 


-4.49 


2003 Jul 10 




2349489+122438 


12217 


LP 523-55 


M8 


11.56 


14.66 


3.86E-11 


-2.33 


4.46E-15 


-3.94 


2003 Jul 11 




2351504-253736 


12220 




M8 


11.29 


14.52 


4.38E-11 


> -2.80 






2002 Jul 5 





a 



Note. — Spectra references are only given when the data used to meaure Ha was not taken as part of the 2MASS sample spectral typing. 
a Binary considered as a single object due to the lack of resolved spectroscopy. 
b Wide binary 



References. — (1) Lcincrt, priv. comm. (2) Hawley et al. 2002 (3) Kirkpatrick, priv. comm. (4) Kirkpatrick ct al. 1999 (5) Kirkpatrick et al. 1997 (6) Kirkpatrick ct al. in prep (7) 
Fan ct al. 2000 (8) Kirkpatrick et al. 1995 (9) Kirkpatrick ct al. 2000 
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Table 3 
Ha EW for Variable Objects 



2MASS 


Other 


2MUPM 


Spectral 


Ha 


UT Date 


Reference 


Designation 


Name 


Sample 


Type 


EW (A) 






01090150-5100494 




yes 


M9 


-114 
-31 


2003 Nov 9 

2004 Aug 9 




0144353-071614 




yes 


L5 


-21 

>-3 


2001 Feb 20 

2002 Jan 24 


1 


0320596+185423 


LP 412-31 


yes 


M8 


-29 

-29 

-24 

-330 

-18 

-83 


1995 Oct 28 
1998 Dec 
2000 Oct 1 
2002 Jan 23 


2 
3 

•1 
5 


0853362-032932 


LHS 2065 


yes 


M9 


-261 
-8 
-17 
-38 


1998 Dec 12 
2003 Mar 14 
2003 Apr 21 
2002 Jan 23 


6 


1016347+275149 


LHS 2243 


yes 


M8 


-1.3 
-44 
-7 


1993 Jan 21 
1 yyo JJcc 
2003 Jun 11 


7 

3 


10224821+5825453 




yes 


LI 


-128 

-24 

-26 


2004 Feb 10 
2004 Feb 11 
2004 Feb 12 




1028404-143843 




no 


M7 


-23 
-12 
-14 
-71 


2003 Apr 19 
2003 Apr 21 
2003 Apr 22 
2002 Jan 25 




1108307+683017 




yes 


L0.5 


-8 
>-l 


1999 Jun 
2004 Mar 3 


3 


1121492-131308 


LHS 2397a 


yes 


M8 


-12 
-78 


1998 Dec 
2002 Jan 23 


8 


1224522-123835 


BR 1222-1221 


yes 


M9 


-7 
-23 


2003 Jun 4 


4 


1336406+374323 




no 


LI 


-17 

>-5 


2002 Jul 22 (19:42) 
2002 Jul 22 (20:58) 




13384944+0437315 




no 


LI 


-11 

-28 


2004 Feb 11 
2003 Apr 20 




1403223+300754 




yes 


M8.5 


-19 
-5 


1999 Jun 
2003 Jul 30 


3 


17071830+6439331 




yes 


M9 


-29 


2003 Jul 7 





Reference s. — (DlLiebert et al l J2003T) (2) IMartm et al l jl996h f3) lGizis et all (1200011 ( 4l lReid et all d2002f) (5) 
iBasril <200lD (6) IMartm fc Ardilal 1120011) (7) iMartin et alTlll994fi (8) IMartm et alj 1119991) 
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Table 4 

Line Strengths for 2M 1028-14 



Ion 


A (A) 


Continuum 8, 


Line Flux a 


EW (A) 


Ba II 


6497 


78 


58 


-0.736 


Ha 


6563 


80 


7745 


-96.66 


He I 


6678 


75 


265 


-3.535 


He I 


7067 


74 


158 


-2.146 


He I 


7281 


72 


28 


-0.394 


I 


7777 


66 


180 


-2.727 


Ca II 


8498 


67 


404 


-6.019 


Ca II 


8542 


68 


548 


-8.124 


Ca II 


8662 


72 


409 


-5.654 


H(P11) 


8863 


72 


100 


-1.395 


H(P10) 


9015 


69 


178 


-2.586 


H(P9) 


9230 


80 


204 


-2.55 


H(P8) 


9546 


63 


340 


-5.338 



a in units of 10 16 ergs cm 2 s 



